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EXECUTIVE SUMMARY 

Chromium mass emission tests were conducted to evaluate removal efficiency of a packed-bed 

scrubber. Testing was performed during the week of February 17, 1992 at the Electronic 

Chrome and Grinding Company (EG&GC) located in Santa Fe Springs, California. The 

objective of this project work was to evaluate performance of the packed-bed scrubber for total 

chromium removal under the following conditions: 

(Condition A) Plating Tank No. 8 operating without a foam blanket and polypropylene balls 

(Condition B) Plating Tank No. 8 operating with a foam blanket and polypropylene balls 

Three (3) tests were performed under Condition A and Condition B. Scrubber water samples 

and the plating solution samples in Tank No. 8 were collected during each test run. 

Upon completion of field activities, samples were shipped to Research Triangle Institute 

Laboratory (RTIL), Research Triangle Park, North Carolina for the following analyses: 

• Outlet samples for hexavalent chromium (Cr-VI) using ion chromatography (IC) with 

a post column reactor, and total chromium using Graphite Furnace - Atomic 

Absorption Spectroscopy (GFAA). 

• All inlet, scrubber water and plating tank solution samples for total chromium using 

Inductively Coupled Plasma emission spectrometry (ICP). 

i 
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The Inductively Coupled Plasma (ICP) and GFAA are compatible techniques and therefore 

analytical results obtained can be favorably compared. Total chromium emissions at .the inlet 

of the packed-bed scrubber averaged 1.66 milligram per dry standard cubic meter (mg/dscm) 

for the first set of three runs under Condition A (see above) and averaged 0.0369 mg/dscm for 

the second set of three runs under Condition B. Mass emissions at the outlet averaged 0.0595 

mg/dscm for the first set of three runs, (Condition A) and 0.0084 mg/dscm for the second set 

of three runs (Condition B). The test conditions and analytical results are summarized in Table 

S-1. 

The efficiency of the scrubber averaged 95.64% for the first set of three runs and 73.88% for 

the second set of three runs. Clearly, the use of foam blanket and polypropylene balls over the 

plating solution in Tank No. 8 resulted in a 97.77% decrease in chromium to the scrubber inlet. 

The average scrubber outlet emissions were also reduced by 85.59% compared with average 

outlet emissions of the first set of three runs. 

ii 
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SECTION I 
INTRODUCTION 

The goal of the Electronic Chrome and Grinding Company test was to determine if the addition 

of a foam blanket and polypropylene balls to the plating bath would result in reduced chromium 

emissions from the outlet of the scrubber. 

Testing was conducted during the week of February 17, 1992. Emission samples were collected 

using a modification of USEPA Method 13-B. Upon completion of field activities, samples were 

shipped to Research Triangle Institute Laboratory {RTIL) in Research Triangle Park, North 

Carolina for analysis. Outlet samples were analyzed for hexavalent chromium using ion 

chromatography with a post column reactor (ICPCR). Outlet samples were also analyzed for 

total chromium, using graphite furnace atomic absorption (GFAA). Inlet samples were analyzed 

for total chromium using inductively coupled plasma emission spectrometry (ICP). Scrubber 

water samples and plating tank solutions were also analyzed using ICP. 

. 
The primary organizations involved in the test program were Advanced Systems Technology, 

Inc. (AST), Electronic Chrome and Grinding Company (ECGC), Midwest Research Institute 

(MRI), and the U.S. EPA, Emission Measurement Branch (EMB). 

1 
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PROCFSS DESCRIPTION 

SECTION II 

PROCESS OPERATION 

Electronic Chrome and Grinding Company is a medium-size job shop that performs hard 
chromium plating of industrial rolls, hydraulic cylinders, and miscellaneous parts. The shop has 
eight hard chromium plating tanks. The facility operates 1 shift/day, 5 days/week, 52 
weeks/year. 

During this source test program, Tank No. 8 was tested. Tank No. 8 is 2.2 meters (m) (7.3 feet 
[ft]) long, 1.1 m (3.5 ft) wide, and 1. 8 m (6.0 ft) deep and holds approximately 3,900 liters 
(I ,030 gallons) of plating solution. The plating solution consists of chromic acid at a 
concentration of 240 grams per liter (g/L) (32 ounces per gallon [oz/gal) of water). Sulfuric 
acid, a plating bath catalyst, is also present at a concentration of 2.4 g/L (0.32 oz/gal). The 
normal plating bath temperature is 54 •c (J30•F). The plating tank is typically operated with 
a foam blanket and polypropylene balls covering the surface of the plating solution. The foam 
blanket used in the plating tank is Fumetrol 101, manufactured by Harshaw M&T, Inc. The 
polypropylene balls used in the plating tank are 2.54 centimeters (em) (l-inch [in.)) in diameter. 
The tank is equipped with two rectifiers that are rated at 6,000 and 2,000 amperes, respectively. 
However, only the 6,000-ampere rectifier is in active use on the tank . In addition, the tank is 
equipped with a heating and cooling system and is a air agitated to maintain uniform bath 
temperature and composition. An overhead hoist is used to transfer parts in and out of the 
plating tank. 

2 



AIR POLLUTION CONTROL 

Plating Tank No. 8 is equipped with double-sided draft hoods to capture the chromic acid mist 

generated during plating. The ventilation rate on the plating tank is 85 cubic meters per minute 

m3/min) (3,000 cubic feet per minute [ff/min]). The ventilation hoods on the tank are ducted 

to a single packed-bed scrubber that was manufactured and installed in 1982 by Tellkamp, Inc., 

in Santa Fe Springs, California. 

As the gas stream enters the scrubber, the velocity of the gas stream is reduced, and recirculated 

water is sprayed countercurrent to the gas stream through a series of 16 spray nozzles to enlarge 

the chromic acid mist droplets prior to the packed-bed. The packed-bed is 1.4 m (4.5 ft) high, 

1.1 m (3. 7 ft) wide, and 0.9 m (3 ft) deep for a total packing volume of 1.4 m3 (50 ft3). The 

packing material used in the scrubber is 8.9-centimeter (em) (3.5-inch [in.]) spherical-type mass 

packing made by Lanpac. As the gas stream flows through the packed-bed, the chromic acid 

droplets impinge on the packing material and drain to the bottom of the unit. Following the 

packed-bed section is a chevron-blade mist eliminator used to remove any reentrained water 

carried over from the packed-bed. Recirculated water is drained from the scrubber 

approximately once per day and utilized in the plating tank as make up for plating solution 

evaporation losses. 

3 
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PROCESS CONDITIONS DURING TESTING 

Three test runs were conducted to measure chromium concentrations at the inlet and outlet of 

the scrubber under the following conditions: Condition A - without a foam blanket or 

polypropylene balls in the plating tank; and Condition B - with a foam blanket and 

polypropylene balls in the plating tank. All six test runs were approximately 2 hours in 

duration. Test run No. 6 was interrupted for approximately 5 minutes due to the rectifier 

tripping off. All of the test runs were interrupted briefly to change test ports. No other process 

interruptions occurred during sampling. 

Prior to chromium emissions testing, the scrubber was drained and cleaned with fresh water. 

In addition, the ductwork connecting the tank to the scrubber was also washed down prior to 

testing. After cleaning, the scrubber was recharged with fresh water. The first three emission 

test runs were then conducted without a foam blanket or polypropylene balls in the plating tank. 

Following the completion of these test runs, the scrubber and ductwork were recleaned, and the 

scrubber was recharged with fresh water. The next day, the three test runs were conducted with 

a foam blanket and polypropylene balls in the plating tank. 

Process operating parameters monitored and recorded during each test run included the voltage, 

current, and plating bath temperature. During each test run, the same five dummy parts were 

plated in the plating tank. Fumetrol 101, manufactured by Harshaw M&T was the foam blanket 

used in the tank during the last three test runs. During these runs, the coverage and thickness 

of the foam blanket and polypropylene balls were also monitored. In addition, the scrubber was 

visually inspected prior to each series of test runs to ensure proper operation during testing. No 

malfunctions or deficiencies were found during these inspections. Process data sheets 

4 
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documenting the process and control device operating parameters during mass emission testing 

are presented in Appendix E. A technical information brochure on the use of Fumetrol 101 is 

also included in Appendix E. Data on the average operating parameters recorded during the 

mass emission test runs are presented in Table 2-1. The total amount of current supplied to the 

tank during each test run is calculated in terms of ampere-hours and include in Appendix E. A 

tabular summary of the total current values is presented in Table 2-2. 

Composite samples were taken from the plating tank and the scrubber recirculation sump to 

determine the chromic acid concentration during each mass emission test run. The chromic acid 

concentration of the composite sample is reported in Section III of this report. 

5 
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Run No. 

1 

2 

3 

Average 

Run No. 

4 

5 

6 

Average 

TABLE 2-1. 

AVERAGE OPERATING PARAMETERS 
MONITORED DURING EACH MASS EMISSION 

TEST RUN FOR PLATING TANK NO. 8 

WITIIOUT FOAM BLANKET 

Operating Operating 
voltage, volts current, amperes 

6.3 4,800 

6.1 5,100 

5.8 5,100 

6.1 5,000 

WITH FOAM BLANKET 

Operating Operating 
voltage, volts current, amperes 

5.5 5,000 

5.4 5,100 

5.5 5,100 

5.5 5,066 

6 

Operating 
temp., °F 

133 

137 

138 

136 

Operating 
temp., •F 

136 

146 

140 

141 
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Run No. 

1 

2 

3 

4 

5 

6 

• 

TABLE 2-2. 

TOTAL AMPERE-HOURS SUPPLIED TO 
PLATING TANK NO. 8 DURING MASS 

EMISSION TEST RUNS 

Total Current, Ampere-Hours" 

Inlet Outlet 

9,600 9,600 

10,200 10,200 

10,200 10,200 

10,100 10,100 

10,200 10,200 

10,100 10,100 

"Total current (ampere-hours) is calculated by: (1) multiplying the current (amperes) by the 
actual time of testing (hours) at that particular current and (2) totaling the ampere-hour values 
for each time interval of the entire test run. The total ampere-hours calculated will not equal 
the ampere-hours from the ampere-hour meter due to the differences between the sampling time 
and the actual time required to complete the test. The sampling time and the time required to 
perform the test are different due to down time for port changes and other process interruptions. 

7 
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SECTION ill 

SUMMARY AND DISCUSSION OF ~ULTS 

Simultaneous sample collections at the inlet and at the outlet of the scrubber under normal 

operating conditions of the plating process and control system were conducted at ECGC. Six 

(6) tests were conducted at each sampling site. A sampling time of approximately two hours 

was employed on each run to ensure collection of adequate quantities of chromium sample at 

each site. 

In addition to the chromium emission samples, grab samples of the operating plating bath and 

scrubber water were collected during each sampling run. All samples were later analyzed off­

site for total chromium. Graphite furnace atomic absorption spectrometry was used to analyze 

for total chromium on the outlet samples. Inductively coupled plasma emission spectrometry 

was used to analyze inlet samples, scrubber water samples and tank samples. Outlet samples 

were also analyzed for hexavalent chromium using ion chromatography with a post column 

reactor. 

Emission concentrations at the inlet averaged 1.66 milligrams (mg) per dry standard cubic meter 

(dscm) for the first set of three runs and averaged 0.0369 mg/dscm for the second set of three 

runs. Emission concentrations at the outlet averaged 0.0595 mg/dscm for the first set of three 

runs, and 0.0084 mg/dscm for the second set of three runs. The efficiency, using mass emission 

rates expressed as lb/hr, of the control device averaged 95.6 percent for the first set of three 

runs and 73.9 percent for the second set of three runs. 

8 



-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The addition of polypropylene balls combined with a foam blanket reduced average emissions 

from the plating tank by 97.8 percent. This meant that less chromic acid entered the inlet side 

of the scrubber. The average outlet emissions were also reduced by 86.5 percent when 

compared with the average outlet emissions of the first set of runs. 

The chromium removal efficiencies of the two sets of runs are misleading. The first set of runs 

had the higher average removal efficiency and also the higher average emission rate at the outlet. 

The second set of runs had the lower average efficiency rate and also had the lower average 

emission rate at the outlet. The concentration of total chromium at the inlet of the scrubber 

decreased significantly (97. 8%) due to the use of the foam blanket and polypropylene balls. 

Snmmarv of Stack Gas Conditions 

Stack gas conditions at each sampling location are presented in Table 3-1. Volumetric flow rates 

at each location showed some variations between runs. At the inlet, the velocity averaged 46.5 

feet per second (fps), with an average temperature of 71 op and an average moisture content of 

1.17%. 

At the outlet, the velocity averaged 20.08 fps, with average temperatures of 67"F and an average 

moisture content of 1.35%. 

The stack gases at all sampling locations were essentially ambient air and, therefore were 

assigned a dry molecular weight of 28.95 lbllb mole. Variations of isokinetic sampling rates 

were within allowable limits on all sampling runs. 

9 
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Calculation of Emission Results 

The dry standard cubic feet sample volumes W,.J from the dry gas meters and the sample 

mass collected (micrograms) were used to determine concentrations (mg/dscm and grain/dscf). 

The stack dry volumetric flow rates (Q.) and concentrations were used to calculate mass 

emission rates (lb/hr and kg/hr). 

Snmmarv of Scrubber Removal Efficiencies 

Chromium removal efficiencies for the scrubber system were determined by simultaneously 

sampling the inlet and the outlet of the scrubber. The mass emission rates were used to calculate 

removal efficiencies. Removal efficiency is represented by the equation: 

Where 

RE = % Removal Efficiency 

c-c 
RE = 1 0 

X 100 
C; 

C; = Mass emission rate at the scrubber inlet, lb/hr 

c. = Mass emission rate at the scrubber outlet, lb/hr 

Mass emission rates are presented in Tables 3-2. and 3-3. The resultant removal efficiencies 

are reported in Table 3-4. A summary of the emissions from the scrubber, expressed as 

milligrams/ampere-hours, is presented in Table 3-5. Both ICP and GFAA are reported to be 

compatible techniques and therefore analytical results obtained from either can be used to make 

scrubber efficiency calculations. 

10 
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Plating Tank Solution and Scrubber Rinse 

During each sampling run, a grab sample of the plating solution was obtained from plating Tank 

No. 8. A sample of rinse water was obtained from the scrubber. In addition, during the runs, 

scrubber water samples were obtained at the beginning, middle, and end of the sampling period. 

The scrubber water and plating tank solution sample results are shown in Table 3-6. 

11 



- -·- - - -- -- ~- ...... - :Jill ~ :;1111 ... llllllllll .. 
TABLE 3-1. 

SUMMARY OF STACK GAS CONDmONS 

INLIIT 
- -

Sract Flow Rate % 
Run No. Velocity Temp. Moisture bokinctic 

fp .. •F acrm• da<:fm" % Variation 

I 45.9845 73 2,949.48 2,903.95 1.1417 99.6725 

2 47.4476 15 3,043.33 2,982.58 1.5100 98.0572 

3 46.6692 76 2,993.40 2,928.86 1.3055 97.1326 

4 47.8253 66 3,067.56 3,060.89 1.0094 95.9109 

5 46.6225 64 2,990.41 2,994.40 0.7930 96.9894 

6 44.6702 73 2,865.19 2,820.45 1.2648 96.7196 

Avenge 46.5365 71 1,984.90 2,948.51 1.1707 97.4137 

OUTLET 
-·- - - -

Stack Flow Rate % 
Run No. Velocity Temp. Moisture lsokinetic 

fp .. "F acfm"' da<:fin' % Variation 

I 18.5401 68 3,210.72 3,208.08 1.8199 109.9126 

2 21.9701 74 3,804.72 3,760.21 1.7816 96.5318 I 

3 21.4695 68 3,718.02 3,716.37 0.5611 94.5008 

4 18.0805 59 3,131.12 3,182.80 1.3572 101.4518 

s 20.8400 61 3,609.01 3,650.69 1.2067 94.6178 

6 19.5972 74 3,393.78 3,352.49 1.4018 98.5758 

Avenge 10.0819 67 3,477.90 3,478.44 1.3547 99.2651 

•Feet per second at stack conditions 
• Actual cubic feet per minute at Btack conditioos 
COry Btandard cubic feet per minute at 68"F and 29.92• Hg 

12 
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Total Mass Dry Gas 
Run No_ Collected Volume 

,..g dscf 

t• 4,555 111-5784 

2* 5,346 112.7425 

3* 5,829 109.6680 

Average 5,243 111.3296 

4•• 130 113.1701 

5•• 104 111-9567 

6** Ill 105.1597 

Average 115 110.0955 

• Without Foam Blanket/and Polypropylene Balls 
** With Foam Blanket/and Polypropylene Balls 

TABLE3-2 

TOTAL CHROMIUM CONCENTRATIONS 
AND 

• 

Volumetric 
Flow 
Rate 

dscfm 

2,903-95 

2,982.58 

2,928.86 

2,938.463 

3,060.89 

2,994.40 

2,820.45 

2,958.58 

MASS EMISSION RATES AT 
INLET USING ICP ANALYSIS 

Emission 
Concentration 

Grain/dscf 

6.30 X 104 

7.32 X 104 

8.20 X 104 

7.27 X 10" 

1.77 X 10'5 

1.43 X 10'5 

1.63 X 10'5 

1.61 X 1ft" 

13 

Emission Mass Mass 
Concentration Emission Emission 

mg/dscm Rate Rate 
lblhr Kglbr 

1.4416 1.568 x 1()'2 7.113 x 1()'3 

1.6745 I. 871 X 1()'2 8.485 X 10'3 

1.8770 2.059 x 1()'2 9.340 x 1()'3 

1.6644 1.83 X Jo-' 8.31 X Ill"' 

0.0406 4.651 X 104 2.110 X 104 

0.0328 3.679 X 104 1.669 X 104 

0.0373 3.938 X 104 1.786 X 104 i 

0.0369 4,09 X 10" 1.85 X 11)4 
I 



- - - - - - - .... 'AI!IIII 1811 .1111!1!11 :~!!!!!!!~ 1!!!1!!1 
TABLE3-3 

TOTAL CHROMIUM CONCENTRATIONS AND MASS EMISSION RATES AT 
OUTLET USING GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS 

Total Mass Dry Gas 
Run No. Collected Volume 

pg dscf 

I* 79.80 51.9620 

2• 98.90 53.4904 

3* 86.60 51.1545 

Average 88.43 52.4023 

4** 14.30 47.5841 

5'"" 11.80 50.9021 

6** 8.97 48.7002 

Average 11.6!1 4!1.0623 
---

* Without Foam BIBDket/and Polypropylene Balls 
•• With Foam BIBDket/and Polypropylene Balls 

Volume 
Flow Emission Emission 
Rate Concentration Concentration 

dscfm Grain/dscf mg/dscm 

3,208.08 2.37 X 10" 0.0542 

3,760.21 2.85 X 10" 0.0653 

3,716.37 2.58 X 10" 0.0591 

3561.55 2.60 X 10'" 0.05!15 

3,182.80 4.64 X 10" 0.0106 

3,650.69 3.58 X 10" 0.0082 

3,352.49 2.84 X 10" 0.0065 

3,3!15.33 3.6!J X 10"' 0.0084 --- -- --

14 

Mass Emission Mass Emission 
Rate Rate 
lblhr Kglhr 

6.517 x 1ct4 2.956 X 1ct4 

9.196 X 1ct4 4.171 X 1ct4 

8.225 X 1()'4 3. 731 X 1()'4 

7.!J8 X 10"' 3.62 X 10"' 

1.265 X 1ct4 5.739 X 10"5 

1.119 X 1ct4 5.018 X 10"5 

8.168 X 10"5 3.705 X 10" 

1.07 X 10"' 4.84 ]( 10'" 
-~ 
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TABLE 3-4 

SUMMARY OF SCRUBBER REMOVAL EFFICIENCIES 

Total Cr - ICP Analysis for Inlet - GF AA for Outlet 

--- ----

Mass Emission Rate 

Run No. t 
Inlet 

Outlet 

Run No.2 
Inlet 

WOFBIPB Outlet 

Run No.3 
Inlet 

Outlet 

Average 

Run No.4 
Inlet 

Outlet 

Run No.5 
Inlet 

Outlet 

WFB/PB Run No.6 
Inlet 

Outlet 

Average 

LEGEND 
WOFB/PB - Without Foam Blanket and Polypropylene Balls 
WFB/PB - With Foam Blanket and Polypropylene Balls 

15 

lblhr 

t.568 X tO' 
6.St7 X Ht' 

1.871 X tlt2 

9.t% X to-' 

2.059 X tlt2 

8.225 X !It' 

4.651 X J()-' 
1.265 X !It' 

3.679 X !It' 
1.119 X J()-' 

3.938 X !It' 
8.!68 X !It' 

------

Removal Efficiency 
% 

95.84 

95.08 

96.01 

!IS.M 

72.80 

69.58 

79.26 

73.88 



TABLE3-5 

SUMMARY OF THE SCRUBBER EMISSIONS 
EXPRESSED AS MILLIGRAMS/AMPERE-HOUR 

--~~~~~ 

-
--

RUN TEST 
NUMBER CONDmON 

1 WOFB/PB 

2 WOFB/PB 

3 WOFB/PB 

4 WFB/PB 

5 WFB/PB 

6 WFB/PB 

LEGEND 

WOFB/PB - Without foam blanket and polypropylene balls 
WFB/PB - With foam blanket and polypropylene balls 

16 

OUTLET 
(mg/amp-hr) 

8.312 X 1<r 

9.696 X 10-tl 

8.49 X 1<r 

1.415 X lQ-<1 

1.156 X 1<r 

8.88 x 10·7 



~ 

11 

~ 

I 
I 
I 

Average 

Average 

TABLE 3-6 

TOTAL CHROMIUM QUANTIFIED IN SCRUBBER WATER 
AND PLATING TANK SOLUTION SAMPLES USING ICP 

SAMPLE TOTAL CHROMIUM IDENTIFICATION CONCENTRATION {l!g/m1) 

Scrub Water Run 1 100.00 
Scrub Water Run 2 124.00 
Scrub Water Run 3 133.00 
Scrub Water Run 4 49.50 
Scrub Water Run 5 46.00 
Scrub Water Run 6 51.30 

83.97 

Tank Run 1 1.32 X 1()4 
Tank Run 2 1.18 X }()4 
Tank Run 3 1.20 X 1()4 
Tank Run 4 1.17 X 1()4 
Tank Run 5 9.50 X }()3 

Tank Run 6 1.17 X 1()4 

1.165 X 10~ 

17 



SECTION IV 

SAMPLING LOCATIONS 

The location and number of traverse points to be sampled were determined using EPA 

Reference Method 1 "Sample and Velocity Traverses for Stationary Sources." These 

representative measurement sites were determined for both the inlet and the outlet sampling 

ducts. The inlet measurement site was on a horizontal duct which was circular with a diameter 

of 14 inches. The sample site was located just before the scrubber approximately 10 feet from 

the downstream disturbance and 5 feet from the upstream disturbance. It was determined and 

calculated using Method 1, that there would be eight traverse points sampled; four points along 

the vertical and horizontal diameters. Since the test runs was two hours long, a six point 

traverse was chosen to simplify time keeping for recording the data. Figure 4-1 shows stack 

dimensions. Figure 4-2 shows the locations of inlet traverse points. Figure 4-3 shows the inlet 

measurement site. 

The outlet measurement site was located approximately 2 feet from the upstream disturbance and 

approximately 4 feet from the downstream disturbance. The outlet from the scrubber was a 

horizontal, plywood duct measuring 23.75 inches high and 17.5 inches wide. Four port holes 

were cut into the side of the duct and six points were sampled at each port according to EPA 

Method 1 criteria. Figure 4-4 shows the outlet dimensions and sampling ports. Figure 4-5 

shows the locations of outlet traverse points. 

The absence of cyclonic flow was verified prior to sampling using EPA Reference Method 1. 

Liquid samples were collected from the plating tank during each of the six runs. Samples were 

also collected from the scrubber solution tank. A composite sample of the scrubber water was 

taken at the beginning, middle, and end of each run. There were twelve samples taken in total 

(six plating tank samples/six scrubber water samples). The samples were labeled, sealed and 

then sent to RTIL for analysis. 

18 
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STACK OUTLET 

1} 

23.751N 

0 

SCRUBBER 

12 PT. AT EACH PORT 
TOP SAMPLE PORT B 

0 

0 A 

~ --------
SIDE SAMPLE PORT A 

NOTE: THE INLET MEASUREMENT SITE WAS APPROX. 5FT. FROM THE UPSTREAM 
DISTURBANCE AND APPROX.10FT. FROM THE DOWNSRTEAM DISTRUBANCE. 

FIGURE 4-3 INLET MEASUREMENT SITE 
(DRAWING IS NOT TO SCALE) 
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NOTE: 1) llfE OUTlET WAS CONSTRUCTED OF WOOD. 
2) llfE OUTlET MEASUREMENT SITE WAS APPROX. 2 FT. FROM llfE 

UPSTREAM DISTURBANCE AND APPROX. 4 FT. FROM TiiE 
DOWNSTREAM DISTURBANCE. 

FIGURE 4-4 OUTLET DIMENSIONS AND SAMPLING PORTS 
(DRAWING IS NOT TO SCALE) 
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SECTIONV 

SAMPLING AND ANALYTICAL PROCEDURES 

EPA Reference Methods 1, 2, 4 and a Modification of 13-B were used during this test. These 

methods can be found in 40 CFR, Parts 53-60. Method 1 was used to determine sample and 

velocity traverses for stationary sources. Method 2 was used for the determination of stack gas 

velocity and volumetric flow rate using a type "S" pitot tube. Method 4 was used to determine 

the moisture content in stack gases. The Modified U.S. EPA Method 13-B sample train was 

used to collect chromium emission samples. The sample train consisted of a glass button-hook 

nozzle, an unheated Pyrex glass-lined probe, and a series of four impingers. The first, third and 

fourth are modified Greenburg-Smith impingers. The second impinger was a standard 

Greenburg-Smith impinger. 

The first and second impinger each contained 100 ml of O.lN NaOH. The third impinger was 

empty and the fourth impinger contained approximately 200 grams of silica gel. The remainder 

of the sampling system consisted of a vacuum pump, dry gas meter, calibrated orifice and 

related temperature and pressure indicating apparatus, which was used to determine dry gas 

sample volume, stack gas temperature, volumetric flow rates and isokinetic sampling rates. 

Figure 5-1 shows a schematic of the Modified U.S. EPA Method 13-B sample train. 

Runs were conducted at both the inlet and outlet locations. Method 3 (gas composition) was not 

used since ambient air is the main constituent in the gas stream. The ambient air was assigned 

the dry molecular weight of 28.95 lb/lb mole. The stack gas velocity was determined during 

each sampling run. Since the stack gas was ambient air, an initial moisture estimate of 1% was 

used for determining the sampling rate. 
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ANALYTICAL PROCEDURES 

Upon completion of the field activities, the chromium emission test samples were packed in 

coolers and submitted to a contract laboratory, RTIL, to be analyzed for total chromium and 
hexavalent chromium. Total chromium analysis was performed on inlet, tank and scrubber 
solution samples using ICP. Outlet samples were analyzed for total chromium using GFAA and 

hexavalent chromium using ion chromatography with a post column reactor. 
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SECTION VI 

QUAUTY ASSURANCE PROCEDURES 

The quality assurance activities for this project were performed to assure the accuracy of data 

collected. The procedures used are contained in the "Quality Assurance Handbook for Air 

Pollution Measurement Systems," Volume ill, "Stationary Source Specific Methods." Company­

specific quality assurance activities were also conducted during our testing. 

The QA program has two components: I) field-related component; and 2) contract laboratory 

component. A discussion of the field-related QA component focusing on field procedures is 

given below. The contract laboratory component will be provided in letter format directly to 

the EPA Task Manager, Mr. Frank Clay. 

FIELD-RELATED QUALITY ASSURANCE PROCEJlliRES 

Our field related QA procedures include: 

• Calibrating meters (pre and post testing) 

• Calibrating the triple beam balance 

• Leak testing (pre and post run testing) 

• Measuring inside diameters of nozzles using a micrometer 
• Cleaning and maintaining sample train equipment on a frequent basis 
• Inspecting sample train prior to sampling 

• Reviewing and discussing test plan prior to sampling 
• Reviewing field data at the end of each work day 
• Preparing an accurate and detailed "Chain of Custody" 

Discussions of the field blanks, Chain of Custody and sample train components are provided 
below. 
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FIELD BLANK QUALITY ASSURANCE PROCEDURES 

Reagent blanks of O.lN NaOH absorbing solutions were prepared in the field using deionized 
water and NaOH pellets "sealed" from Fisher Scientific. After mixing the solution, the solution 
was transferred to a polyethylene bottle. The O.lN NaOH was used to wash the sampling train 
components after each test run. 

CHAIN OF CUSTODY 

The samples collected at the test site were labeled, sealed and then placed in a package. The 
package was then filled with vermiculite and sealed using Chain of Custody tape. This process 
was performed to maintain the integrity of all the samples collected. 

RTIL personnel informed AST by phone that all the samples had arrived safely, unsealed and 
undamaged. A copy of the Chain of Custody is included in Appendix D. 

SAMPLE TRAIN COMPONENTS 

The equipment used in the tests including nozzles, pitot tubes, dry gas meters, orifices, and 
thermocouples were calibrated in accordance with calibration procedures specified in applicable 
EPA Reference Methods prior to, and at the completion of, the test program. The equipment 
calibration data are presented in Appendix I. 
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TEST PROGRAM PERSONNEL 

The following is a list of the field team personnel involved in the completion of this test 
program: 

Robert E. Turner - Program Manager, AST 

Thomas Yaroch - Assistant Project Manager, AST 

James Parker- Technician 

Jim Dini - Meter Reader 

Chuck Hames - Meter Reader 

Robin Barker - Midwest Research Institute 

The following is a summary of field events: 

2/16/92 

2/17192 

2/18/92 

2/19/92 

2/20/92 

2/21/92 

Traveled to Santa Fe Springs, CA 

Inventoried equipment; Prepared site 

Conducted three, two-hour Measurement Runs at Scrubber Inlet and 
Outlet; Recovered and stored emission samples 

Conducted three, two-hour Measurement Runs at Scrubber Inlet and Outlet; Recovered and stored emission samples 

Restored site; 
Packed and shipped equipment 

Traveled to Atlanta, GA. 
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APPENDIX "A" 

COMPUTER PRINT OUT OF FIELD DATA 
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PLANT· Electronic Chrome and Grinding 
DATA VALUES DATE· November 22, 1992 CALCULATED VAlUES 

LOCATION-Santa Fe Springs, CA ··===========·==== 
RUN· Inlet 1 

+----······----------------------------------- ----------------------------------------------- --- ----------- -- ------------OF STACK OR 
11,;0011.0 IN. OR 

CROSS SECTION 
0.0000 l 0.0000 W IN. 

4555.0000 ug. 
0.0000 ug. 

4555.0000 ug. 

Ym HEIER CORRECTION FACTOR 
D.9850 

PRESSURE Pst NET TIME OF TEST Tt 
120 min. 

X02 
21.00 

PITOT COEFFICIENT 
0.84 

Vw TOTAl H20 COlLECTED 
27.36 ml 

Np I OF POINTS 
24 

XN2 
78.30 

Milligrams/Dry Std. Cubic Meter= 1.4416 

Grains/Dry Std. Cubic Ft. • 

Lbs./Hour • 1.568E·02 

AFCM 
2949.48 

Vw gas 

1.2887 CF 

DSCFM 
2903.95 

Ym Std. 
111.5784 CF 

6.30E·04 

Kilograms/Hour= 7.113E·03 

STACK GAS PRESSURE Ps 
30.0256 in. HOH 

TRUE X H 
1.1417 

AVE. DElTA P HWd MOL WT. OF STACK GAS 
0.6675 ln. HOH 28.9520 

Hd 
0.9900 

Bws(est) 
0.0100 

Ym TOTAL 
114.3230 CF 

AVE. DELTA H 
3.20 in. HOH 

AVE. Ts 
73F 

AVE. Tm 
82 F 

HW MOL. WT. OF STACK GAS VET= 

AVE. SORT DELTA P 
18.8442 

PER CENT ISOKINETIC XI 
99.6n5 

Vs STACK GAS VElOCITY 
45.9845 fts 

28.8425 

-~, ... , ...••.......•......................................................................................... 

GAS METER READING 
I STOP 

o.oooo 
0.0000 
0.0000 
0.0000 
o.oooo 

CCfJENTS 

•t~;·······································-------------····---------·······················-------------

A-2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



PLANT· Electronic Chrome and Grinding ........... ~····· DATA VALUES DATE• November 22,1992 CALCULATED VALUES 
LOCATION-Santa Fe Springs, CA •••••••••••••••••• 
RUN· Inlet 2 

OR 
OR 

CROSS SECTION 
0.0000 L 0.0000 W IN. 

I Milligrams/Dry Std. Cubic Meter • 1.6745 I 
I 
I 

5346.0000 ug. 
0.0000 ug. 

5346.0000 ug. 

I 
I Grains/Dry Std. Cubic Ft. • 
I 
I Lbs./Hour • 1.871E·02 
I 
I AFCM 
1 3043.33 
I 

DSCFH 
, 2982.58 

Ym METER CORRECTION FACTOR I VW gas Vm Std. 
112.7425 CF 

PRESSURE Pst 

0.9850 I 1.1286 CF 

NET TIME OF TEST Tt 
120 min. 

PITDT COEFFICIENT 
0,84 

VW TOTAL H20 COLLECTED 
36.70 ml 

Np • OF POINTS 
24 

I 
I TRUEXM 
I 
I 
IMd 
I 
I 

1.5100 

0.9900 

I Bws(est) 
1 o.o1oo 
I 
I Vm TOTAL 
I 116.5700 CF 
I 

AVE. DELTA P 
0.7083 in. HOH 

AVE. DELTA H 
3.40 ln. HOH 

AVE. Ts 
75F 

AVE. Tm 
87 F 

7.32E·04 

I 
Kilograms/Hour • 8,485E·03 I 

STACK GAS PRESSURE Ps 
30.0256 ln. HOH 

Mild MDL liT. OF STACK GAS 
28.9520 

AVE. SGRT DELTA P 
19.4438 

PER CENT !SOKINETIC %! 
98.0572 

Vs STACK GAS VELOCITY 
47.4476 f/S 

I 
l 
l 
I 
l 
I 
l 
I 
I 
I 
l 
I 
I 
I 
I 
I 
l 
I 
I X02 XH2 I Mil MDL. liT. OF STACK GAS WET• 28.8425 I 21.00 78.3o I I :+.•······················ ............... ··•··········•····· ......•....•.................•..••.............. ·······I 

GAS METER READING 
I STOP COHENTS ··················•·································•··································· I 
I 
I 
I 
I 

o.oooo 
0.0000 
o.oooo 
o.oooo 
0.0000 

····························································································-······---

A-3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



PLANT· Eleetronie.Chrome and Grinding 
DATA VAlUES DATE· November 22, 1992 CALCULATED VALUES 

LOCATION-Santa Fe Sp~ings, CA 
RUN· Inlet 3 

OR 

OR 
CROSS SECT! ON 

0.0000 L 0.0000 ~ IN. 
I Hill igramstory Std. Cubic Heter • 1.8nO I 

I 
I 
I 5829.0000 ug. 

0.0000 ug. 
5829.0000 ug. · 

I 
I Grains/Dry Std. Cubic Ft. = 
I 
I Lbs./Kour • Z.D59E·02 
I 
I AFCH 
1 2993.40 
I 

DSCFH 
2928.86 

Ym METER CORRECTION FACTOR I Vw gas Vm Std. 
109.6680 CF 

. C PRESSURE Pst 

0.9850 I 1.4507 CF 

NET TIME OF TEST Tt 
120 min. 

PilOT COEFFICIENT 
0.84 

Vw TOTAL K20 COLLECTED 
30.80 mi 

Np #OF POINTS 
24 

XN2 

I 
I TRUEXH 
1 1.3o55 
I 
I Hd 
I 0.9900 
I 
I Bws(est) 
1 o.o1oo 
I 
I Vm TOTAL 
I 112.0980 CF 
I 

AVE. DELTA P 
0.6829 in. KOH 

AVE. DELTA H 
3.28 in. HOH 

AVE. Ts 
76 F 

AVE. Tm 
81 F 

I KW HOL. WT. OF STACK GAS WET• 

8.ZOE·04 

Kilograms/Hour ~: 9.34DE-o3 1 

STACK GAS PRESSURE Ps 
30.0256 in. HOH 

H~d HOL WT. OF STACK GAS 
28.9520 

AVE. SQRT DELTA P 
19.1248 

PER CENT ISDKINETIC XI 
97.1326 

Vs STACK GAS VELOCITY 
46.6692 f/s 

28.8425 

I 
I 
I 

I 
I 
I 
I 21.00 78.30 I I .·•·-··-··············--·····-·················~------···············--··············--···············--·······1 

GAS METER READING 

I STOP COHENTS ',: ,' 

~----------·----------------------------+··---------------------------------D.OODO 
0.0000 
0.0000 
0.0000 
0.0000 

, ......•....•............•.................•..•......................•...•......•....................... 

A-4 

I 
I 
I 
I 
I 
I 
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I 
I 
I 
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I 
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I 
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.... 

DATA VALUES 
PLANT• 
DATE· 

Electronic Chrome and Gr1nding 
Noveri>er 22, 1992 

LOCATJON·Santa Fe Springs, CA 
RUN· Inlet 4 

CALCULATED VALUES 

OR CROSS SECTIOII 
D.DDOD L 0.0000 ~ IN. 

I Mllll;ramstDry Std. Cubic Meter= D.0406 I 
I 
I 

OR 

130.0000 ug. 
0.0000 ug. 

130.0000 ug. 

I 
I Grains/Dry Std. Cubic Ft. = 
I 
I Lbs./Hour z 4.651E·04 
I 
I AFCM 
1 3067.56 
I 

OSCFM 
30611.89 

Ym METER CORRECTION FACTOR I Vw gas Vm Std. 
113.1701 CF 0.9850 I 1.1540 CF 

I 
PRESSURE Pst NET TIME OF TEST Tt I TRUE X M 

1 1.0D94 
I 

AVE. DELTA P 

X02 

120 min. 

PilOT COEFFICIENT 
0.84 

Vw TOTAL H20 COLLECTED 
24.50 ml 

Np # OF POINTS 
24 

XN2 

I Hd 
1 o.99DD 
I 
I Bws(est) 
1 o.D1DD 
I 
I Vm TOTAL 
I 114.8D10 CF 
I 

0.7313 in. HOH 

AVE. DELTA H 
3.51 in. HOH 

AVE. Ts 
66F 

AVE. Tm 
77F 

I ll'ol MOL, liT. OF STACK GAS IlETz 
21.DD 78.3o 1 

1. 77E·05 

I 
Kilograms/Hour z 2.110E·04 I 

STACK GAS PRESSURE Ps 
30.0256 in. HOH 

~ HOL ~T. OF STACK GAS 
28.9520 

AVE. SQRT DELTA P 
19.5986 

PER CENT ISOKINETIC XI 
95.9109 

Vs STACK GAS VELOCITY 
47.8253 f/s 

28.8425 

I 
J 

--------------------···································-··············-··································1 

GAS METER READING 

I STOP 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

CDMENTS 

'J~'·'···································································································· 

A-5 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



·=·s-============= PLANT· Electronic Chrome and Grinding ====~~~~~============= INITIAL DATA VALUES DATE· November 22, 1992 CALCULATED VALUES 
···-·=·====--=~~~~~= LOCATION-Santa Fe Springs, CA ··=====·====·===== 

RUN· Inlet 5 

ID!A• OF STACK OR 
f .. 14;0000 IN. OR 

CROSS SECT I ON 
0.0000 L 0.0000 W IN. 

Milligrams/Dry Std. Cubic Meter= 0.0328 

104.0000 ug. 

0.0000 ug. 
104.0000 ug. 

.l,i~t\'(E:TRI:C PRESSURE Pbar Ym METER CORRECTION FACTOR 
0.9850 "g 

X02 
21.00 

LEAK CHECK II 

NET TIME OF TEST Tt 
120 min. 

PITOT COEFFICIENT 
0.84 

Vw TOTAL H20 COLLECTED 
19.oo· ml 

Np - OF POINTS 
24 

XN2 
78.30 

GAS METER READING 
I . STOP 

Grains/Dry Std. Cubic Ft. = 1.43E·05 

Lbs./Hour • 3.679E·04 

AFCM 
2990.41 

Vw gas 
0.8949 CF 

TRUE X M 
0.7930 

Md 
0.9900 

BwsCest) 
0.0100 

Vm TOTAL 
117.2630 CF 

DSCFM 
2994.40 

VII Std. 
111.9567 CF 

AVE. DELTA P 
0.6975 in. HDH 

AVE. DELTA H 
3.34 in. HDH 

AVE. Ts 
64 F 

AVE. Tm 
94F 

Mil MDL. WT • OF STACK GAS WET• 

COMENTS 

Kilograms/Hour= 1.669E·04 

STACK GAS PRESSURE Ps 
30.0256 in. HDH 

Mild MDL WT. OF STACK GAS 
28.9520 

AVE. SQRT DELTA P 
19.1057 

PER CENT ISOKINETIC XI 
96.9894 

Yo STACK GAS VELOCITY 
46.6225 f/s 

28.8425 

-----------·----------------------------·-----------------------------------O.ODOO 
D.OOOO 
o.oooo 
0.0000 
0.0000 

--------------------------------------------------------------·---------------------------------------· 
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·.~ 

PLANT- Electronic Chrome and Grinding •====z•=========== 
DATA VALUES DATE· November 22, 1992 CALCULATED VALUES 

LDCATIDH·Santa Fe Sprlngs,CA 
RUN· Inlet 6 

·-············-·······-----------·····------------------------------------------------------·······--············ OR CROSS SECTION I Milligrams/Dry Std •. Cubic Meter • 0.0373 
OR 0.0000 L 0.0000 II IN. I 

I Grains/Dry Std. Cubic Ft. e 1 .63E-05 
I 

111.0000 ug. I Lbs./Hour = 3.938E·04 tci log rams/Hour = 1. 786E-04 o.oooo ug. I 
111.0000 ug. I AFCH DSCFH 

I 2865.19 2820.45 
I 

Ym METER CORRECTION FACTOR I vw gas Ym Std. STACK GAS PRESSURE Ps 
0.9850 . I 1.3471 CF 105.1597 CF 30.0109 in. HOH 

I 
PRESSURE Pit NET TIHE OF TEST Tt I TRUE X H AVE. DELTA P Hlld HOL liT. OF STACK GAS 

120 min. I 1.2648 0.6300 ln. HDH 28.9520 
I 

PITDT COEFFICIENT I Hd AVE. DELTA H AVE. SGRT DELTA P 
0.84 I 0.9900 3.02 ln. HDH 18.3012 

I 
VW TOTAL H20 COLLECTED I Bws(est) AVE. Ts PER CENT ISDKINETIC XI 

28.60 ml I 0.0100 73 F 96.7196 
I 

Np I OF POINTS I Ym TOTAL AVE. Tm Ys STACK GAS VELOCITY 
24 I 108.3850 CF 85 F 44.6702 f/s 

I 
X02 XN2 I HI/ MDL. liT. OF STACK GAS 1/ET= 28.8425 

21.00 78.30 I 
~_,_, ____ --..•.... -............ --.. -· .. -.. ·-.. ------------------------- ·------------------- ---- ------------- ----. 

GAS METER READING 
STOP COHENTS 

---------··+····----------------------··+··---------------------------------o.oooo 
o.oooo 
0.0000 
o.oooo 
0.0000 

~--··-·-·--·---------------·-----------·------------------·-----------------------------------------------· 
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·····=·===··==·=·· PLANT· Electronic Chrome and Grinding INITIAL DATA VALUES 
···········==····= 

DATE· November 22, 1992 
LOCATION-Santa Fe Springs, CA 

CALCULATED VALUES 
RUN· Outlet 1 

OR CROSS SECTION Milligrams/Dry Std. Cubic Meter = 0.0542 OR 17.5000 L 23.7500 ~IN. 

79.8000 U9• 
0.0000 ug. 

79.8000 ug. 

:1102 
21.00 

Ym METER CORRECTION FACTOR 
0.9790 

NET TIME OF TEST Tt 
120 min. 

PilOT COEFFICIENT 
0.84 

Vw TOTAL H20 COLLECTED 
20.45 ml 

Np # OF POl NTS 
24 

XH2 
78.30 

Lbs./Haur = 
AFCH 
321o.n 

Vw gas 
0.9632 CF 

TRUE X H 
1.8199 

Hd 
0.9900 

Bws(est) 
0.0100 

Vm TOTAL 
53.5950 CF 

HW MDL. ~T. OF 

6.517E·04 

DSCFH 
3208.08 

Vm Std. 
51.9620 CF 

AVE. DELTA P 
0.1150 in. HDH 

AVE. DELTA H 
0.58 in. HOM 

AVE. Ts 
68F 

AVE. Tm 
79F 

STACK GAS ~T• 

2.37E·05 

STACK GAS PRESSURE Ps 
30.1851 in. HOH 

HWd MDL~- OF STACK GAS 
28.9520 

AVE. SORT DELTA P 
7.6178 

PER CENT ISOKINETIC XI 
109.9126 

Vs STACK GAS VELOCITY 
18,5401 f/S 

28.8425 
.,~---·······················································-------···------------·---·--···-·-·--····-···--··--······ 

II LEAK CHECK II 
··==···==··===···== 

GAS METER READING 
I STOP I Cc.!ENTS 

-----------------·----------------------------·-----------------------------------o.oooo 
o.oooo 
0.0000 
O.ODDO 
o.oooo 

o.oooo 
o.oooo 
0.0000 
O.OOoD 
0.0000 
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DATA VALUES 
PLANT· 
DATE· 

Electronic Chrome and Grinding 
Novonl>er 22, 1992 

LOCATION•Santa Fe Springs, CA 
RUN· OUtlet 2 

•==============·== 
CALCULATED VALUES 

OR 

OR 
CROSS SECTION 

17.5000 L 23.7500 W IN, 
I Milligrams/Dry Std. Cubic Heter • 0.0653 

98.9000 ug. 
0.0000 ug. 

98.9000 ug. 

I 
I Grains/Dry Std. Cubic Ft. = 
I 
I Lbs./Hour • 9.196E·04 

I 
I AFCM 
1 3804.n 

I 

DSCFH 
3760.21 

Ym HETER CORRECTION FACTOR I Vw gas Vm Std. 
53.4904 CF 

PRESSURE Pst 

%02 

0.9790 I 0.9703 CF 

NET TIHE OF TEST Tt 
120 min. 

PITOT COEFFICIENT 
0.84 

Vw TOTAL H20 COLLECTED 
20.60 ml 

Np # OF POl NTS 
24 

I 
I TRUEXH 
1 1.7816 

I 
I Hd 
1 o.99oo 
I 
I Bws(est) 
1 o.o1oo 
I 
I Vm TOTAL 
I 55.7700 CF 

I 

AVE. DELTA P 
0.1558 ln. HOH 

AVE. DELTA H 
0.74 in. HOH 

AVE. Ts 
74 F 

AVE. Tm 
85 F 

I HW HOL. WT. OF STACK GAS ~T= 

2.85E·05 

Kilograms/Hour = 4.171E·04 

STACK GAS PRESSURE Ps 
30.1851 in, NOH 

HWd HOL WT. OF STACK GAS 
28.9520 

AVE. SQRT DELTA P 
9.0271 

PER CENT ISDKINETIC XI 
96.5318 

Vs STACK GAS VELOCITY 
21.9701 f/s 

28.8425 

I 
I 
I 
I 

21.00 n~ I I 
''"'··------------------------------------------·-·························································1 

GAS HETER READING 

I STOP COHENTS 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

~~ ....•.•.•.....................•...................•......•..........•........................•...... 
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····-·······=·111···= PLANT- Electronic Chrome and Grinding 
DATE· November 22, 1992 
LOCATION-Santa Fe Springs, CA 
RUN· OUtlet 3 

OR CROSS SECTION 
OR 17.5000 L 23.7500 ~ IN. 

86.6000 ug. 
0.0000 ug. 

86.6000 ug. 

PRESSURE Pst 

ll'll2 
21.QD 

Ym HEIER CORRECTION FACTOR 
0.9790 

NET TIHE OF TEST Tt 
120 min. 

PITOT COEFFICIENT 
0.84 

Yw TOTAL H20 COLLECTED 
6.20 ml 

Hp I OF POINTS 
24 

XH2 
78.30 

GAS HEIER READING 
I STOP 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Milligrams/Dry Std. Cubic Heter = 

Grains/Dry Std. Cubic Ft. = 

Lbs./Hour = 

AFCH 
3718.02 

Vw gas 
0.2920 CF 

TRUE X H 

0.5611 

8.225E·04 

DSCFH 
3716.37 

Ym Std. 
51.7545 CF 

AYE. DELTA P 
0.1517 ln. HOH 

I Hd AVE. DELTA H 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0.9900 

Bws(est) 
0.0100 

Ym TOTAL 
53.3650 CF 

0.71 in. HOH 

AYE. Ts 
68F 

AYE. Tm 
79F 

~ MOL. ~. OF STACK GAS ~T• 

COHENTS '·' ,. ---- •. --··· ... -.. ·-----. -· .. -..... -... ··-.. -.............................. . 
0.0000 
O.OOOD 
0.0000 
0.0000 
0.0000 

CALCULATED VALUES 

0.0591 

2.58E·05 

Kilograms/Hour= 3.731E·04 

STACK GAS PRESSURE Ps 
30.1851 in. HOH 

~d MDL ~T. OF STACK GAS 
28.9520 

AVE. SORT DELTA P 
8.8214 

PER CENT ISDKINETIC XI 
94.5008 

Ys STACK GAS VELOCITY 
21.4695 f/S 

28.8425 

\,,., •.................•....•...........•..•.•..........................•.......•........•...•.....•.. 
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PLANT· 
DATE· 

Electronic Chrome and Grinding 

Noveri>er 22, 1992 

LOCATION-Santa Fe Springs, CA 

RUM· OUtlet 4 

CALCULATED VALUES 

'------······----------·-·····----------·------------·-·--------········
----------···-----·--·-·······----------

DR 

CROSS SECTION 

17.5000 L 23.7500 ~ IN. 

I Milligrams/Dry Std. Cubic Meter • 0.0106 I 
I 
I 

14.3000 ug. 
0.0000 ug. 

14.3000 ug. 

I 
I Grains/Dry Std. Cubic Ft. • 

I 
I Lbs./Kour • 1.265E·04 

I 
I AFCM 
1 3131.12 

I 

OSCFM 
3182.80 

Ym METER CORRECTION FACTOR I Vw gas Vm Std. 
47.5841 CF 0.9790 I 0.6547 CF 

I 

4.64E·06 
I 

Kilograms/Hour • 5.739E·05 I 

STACK GAS PRESSURE Ps 

30.1851 in. HOH 

I 
.I 
I 

PRESSURE Pst NET TIME OF TEST Tt I TRUEXM 
1 1.3sn 
I 

AVE. DELTA P 
0.1113 ln. NOH 

HWd MOL WT. OF STACK GAS 

28.9520 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

X02 

120 min. 

PITOT COEFFICIENT 
0.84 

Vw TOTAL H20 COLLECTED 
13.90 ml 

Np # OF POINTS 
24 

XN2 

I Md 
I 0.9900 

I 
I Bws(estl 
1 o.o1oo 

I 
I Vm TOTAL 
I 48.2500 CF 

I 

AVE. DELTA H 

0.53 in. HDH 

AVE. Ts 
59 F 

AVE. Tm 
69 F 

I HW MOL. WT. OF STACK GAS ~T= 

AVE. SORT DELTA P 
7.4290 

PER CENT ISOKINETIC XI 

101.4518 

Vs STACK GAS VELOCITY 

18.0805 fts 

28.8425 

21.oo 78.3o 1 1 

Yf•··'·········'······································-·································································1 

II LEAK CHECK II 

'• 

GAS METER READING 

START I STOP COHENTS 

~-~:.:,.;.:. ......... ···-· ....... -- ...... ••+• ....................................................... •+• .................. - ............................................ .. 

1 
.2 
·3 
4 
5 

0.0000 
0.0000 
0.0000 
o.oooo 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

......................................................................
......................................................................

......................................................................
......... 

•• 
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~·· 

PLANT- Electronic Chrome and Grinding 

DATE· November 22, 1992 CALCULATED VALUES 

LOCATION·Santa Fe Springs, CA 

RUN· OUtlet 5 

············-···············--····--··········-····-------------------------·-········-------···-·-···· 

CROSS SECTION 
17.5000 L 23.7500 ~ IN. 

11.8000 ug. 
0.0000 ug. 

11.8000 ug. 

• PRESSURE Pst 

X02 

Ym METER CORRECTION FACTOR 

0.9790 

NET TIHE OF TEST Tt 
120 min. 

PITOT COEFFICIENT 
0.84 

Vw TOTAL H20 COLLECTED 

13.20 ml 

Np I OF POINTS 
24 

XH2 

I Milligrams/Dry Std. CUbic Heter • 

I 
l 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
l 
l 
l 
I 
I 
l 
I 
l 

Grains/Dry Std. Cubic Ft. • 

Lbs./Hour • 

AFCH 
3609.01 

Vw gas 

0.6217 CF 

TRUE :t H 
1.2067 

Hd 
0.9900 

BwsCestl 
0.0100 

Ym TOTAL 
53.7000 CF 

1.119E·04 

OSCFH 
3650.69 

vm std. 
50.9027 CF 

AVE. DELTA P 
0.1442 ln. HOH 

AVE. DELTA H 
0.67 ln. HOH 

AVE. Ts 
61 F 

AVE. Tm 
91 F 

HI/ MOL. liT. OF STACK GAS IIET• 

0.0082 

3.58E·06 

I 
I 
I 
I 

Kilograms/Hour • 5.D78E·05 I 

STACK GAS PRESSURE Ps 
30.1851 in. HOH 

Hlld MOL liT. OF STACK GAS 

28.9520 

AVE. SORT DELTA P 
8.5628 

PER CENT ISOKINETIC XI 

94.6118 

Yo STACK GAS VELOCITY 

20.8400 fls 

28.8425 

I 
I 
I 
I 

'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

21.oo 78.30 1 I 

,;~,~-----,·----------------------------------------------------------------------
-------------------------------------·-1 

I 
2 
3 
4 
5 

.. •••••••••s•=••==• 
II LEAK CHECK II 

GAS METER READING 

START 

O.OOOD 
0.0000 
o.oooo 
o.oooo 
0.0000 

l STOP OOIIENTS 

0.0000 
0.0000 
0.0000 
O.ODOO 
o.oooo 

,,·-·-·--------··---------·-------------------------------------------------
-------------------------------------------------

•• 
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~·. 

PLANT· Electronic Chrome and Grinding 

DATE· November 22, 1992 CALCULATED VALUES 

LOCATION-Santo Fe Springs, CA 

RUN• OUtlet 6 

··························································
··················-·····················-···· 

CROSS SECTION 
17.5000 L 23.7500 Y IN. 

I Milligrams/Dry Std. Cubic Meter • 0.0065 

I 
I Grains/Dry Std. Cubic Ft. • 2.84E·06 

I 

I 
I 
I 
I 

8.9700 ug. I Lbs./Haur • 8.168E·05 Kflograms/Hour • J.705E·05 I 

X02 

0.0000 ug. 
8.9700 ug. 

I 
I AFCM 
I JJ9J.78 

I 
Ym METER CORRECTION FACTOR I Vw gas 

0.9790 I 0.6924 CF 

NET TIME OF TEST Tt 
120 min. 

PITOT COEFFICIENT 
0.84 

Vw TOTAL H20 COLLECTED 

14.70 ml 

Np # OF POINTS 
·24 

I 
I TRUE X M 
1 1.4018 

I 
I Hd 
1 o.99oo 

I 
I Bws(estl 
1 o.o1oo 

I 
1 vm TOTAL 
I 50.7170 CF 

I 

DSCFM 
3352.49 

Vm Std. 
48.7002 CF 

AVE. DELTA P 
0.1288 in. HOH 

AVE. DELTA H 
0.60 in. NOH 

AVE. Ts 
74 F 

AVE. Tm 
84 F 

XH2 I MW HOL. WT. OF STACK GAS WET• 

STACK GAS PRESSURE Ps 

30.1866 ln. HDK 

MWd HOL YT. OF STACK GAS 

28.9520 

AVE. SQRT DELTA P 
8.0523 

PER CENT ISOKINETIC XI 

98.5758 

Vs STACK GAS VELOCITY 

19.59n f/s 

28.8425 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. . 21.oo . 78.Jo 1 1 

;,:.:, ...........••..••.••••.•.......•. ······- ·--~ .; .. · .....••............•.•.•.....•...•.•..•.... -•.•...... -
·· -· .... -.··I 

),' ;" . ••~:••······=-==·==· 
1 

II LEAK CHECK II 
•.•........... ~: .... 

GAS METER READING 

START I STOP COHEMTS 

·~------············--···+···-···
··················-··+·····------

--·-··················-· 

1 

2 
3 
4 
5 

o.oooo 
o.oooo 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

·········-··-······--------·-·-···--·········----------------
------------·······-·····-----------------·-············· 

•• 
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Inlet Run It 1 

IGAS HETERIVELDCITY I ORIFICE PRESSURE I STACK lORY GAS HETER TEHP.I ~I 

I READING IDELTA·P I ACTUAL DESIRED I TEHP I IN OUT IPER POINT 

----------------·---------·-----------------··+········-
131. g5 0.76 3.64 3.26 1 65 1 65 62 1 106.7 

136.400 0.76 3.64 3.27 1 65 1 68 641 103.1 

141.500 o.n 3.45 3.11 1 67 1 73 65 I 95.1 

146.100 0.73 3.50 3.15 1 10 1 76 67 I 98.4 

150.900 0.67 3.21 z.9o 1 11 1 80 69 1 100.0 

155.600 0.65 3.12 2.83 1 1o 1 81 11 1 103.3 

160.400 0.60 2.88 2.61 1 11 1 83 1ZI 102.8 

165.000 0.57 2.73 2.48 1 721 84 74 1 103.0 

40.00 169.500 0.68 3.26 2.97 1 12 1 86 76 1 100.3 

45.00 174.300 0.68 3.26 2.97 1 731 87 771 98.1 

. 50.00 179.000 0.68 3.26 2.96 1 76 1 88 791 106.5 

55.00 184.100 0.69 3.26 3.o2 1 74 1 89 8o 1 92.9 

60.00 1BB.6oo 1 0.67 3.21 2.94 1 nl 84 81 1 98.7 

65.00 193.300 0.67 3.21 2.94 1 731 86 81 I 109.1 

70.00 198.500 0.67 3.21 2.95 1 731 89 82 I 98.2 

75.oo 1 203.2oo 0.67 3.21 2.95 1 74 1 91 83 I 98.0 

ao.oo 1 2o1.9oo 0.64 3.04 2.82 1 74 1 92 84 1 100.1 

85.oo 1 212.6oo 0.65 3.12 2.87 1 731 91 84 1 99.3 

9o.oo 1 211 .3oo 0.59 2.83 2.6o 1 751 92 85 1 99.7 

95.oo 1 221.8oo 0.59 2.83 2.59 1 771 92 85 I 104.4 

1oo.oo 1 226.5oo 0.63 3.02 2.11 1 76 1 93 85 1 96.6 

1o5.oo 1 231.ooo 0.63 3.02 2.78 1 76 1 93 86 I 98.6 

11o.oo 1 235.6oo 0.71 3.40 3.12 1 791 95 a1 1 99.1 

115.oo 1 24o.5oo 0.71 3.40 3.13 1 791 96 88 I 100.3 

12o.oo 1 245.468 o.oo 1 I I o.o 

.. 
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Inlet Run #2 

ICAS METERIVELOCITY I ORIFICE PRESSURE I STACK lORY GAS METER TEMP. I XI I 
I READING IDELTA P I ACTUAL DESIRED I TEMP I IN OUT IPER POINT! 

·+·········+·············-·····+---------+···················+·········+ 
o.DD 1 2'6.870 1 o.62 1 2.97 2.69 1 76 I 81 82 I 103.7 1 
s.oo 1 m.6Do 1 D.75 1 3.6D 3.27 1 75 I 8' 82 1 87.s 1 

· .• 1o.DD 1 zs6.oDo 1 o.n 1 3.69 3.37 1 751 87 82 I 1D1.8 1 
15.Do 1 261.2oo 1 o.75 1 3.6D 3.29 1 75 1 89 83 1 1oo.9 I 

·· · 2D.Do 1 266.3oo 1 o.12 1 3.,5 3.11 1 731 89 83 100.1 1 
· 25.oo 1 271.3oo 1 D.72 1 3.,5 3.16 74 I 89 83 1Do.8 1 

3D.DO 1 276.3DD I o.68 1 3.26 2.99 751 90 84 99.5 1 
35.oo 1 281.10D 1 D.<IB 1 3.26 2.99 76 I 91 84 1o1.6 1 
4il.oD 1 286.oDo 1 o.67 1 3.21 2.9, 771 91 85 1oD.2 1 
45.Do 1 29D.8DD 1 0.65 3.12 2.84 8o I 93 86 99.6 1 

.· 5o.Do 1 295.5oD 1 0.62 2.97 2. 71 81 I 94 86 99.8 I 
s5.DD 1 3oo.1oo 1 0.60 2.88 2.63 771 92 85 1ot.3 1 
6o.Do 1 304.7oo 1 0.72 3.45 3.15 76 I 86 85 97.1 I 

· 65.oo 1 3o9.5oo 1 o.n 3.45 3.17 731 88 84 96,7 
1o.oo 1 314.3oo 1 0.70 3.36 3.07 76 I 90 85 100.1 
75.oo 1 319.2oo 1 0.70 3.36 3.08 751 9Z 85 97.8 
8o.oo 1 324.ooo 1 0.70 3.36 3.08 74 1 90 84 100.0 
85.oo 1 328.9oo 1 0.67 3.21 2.95 751 91 85 1 100.0 
9o.oo 1 333.7oo 1 0.65 3.12 2.86 74 1 91 841 99.4 
95.oo 1 338.4oo 1 0.65 3.12 2.87 74 1 91 85 I 99.3 

1oo.oo 1 343.1oo 1 0.70 3.36 3.08 76 I 91 85 1 98.0 
1o5.oo 1 3,7.9oo 1 o.n 3.,5 3.18 731 91 85 I 96., 
11o.oo 1 352.7oo 1 0.92 4.41 4.06 731 90 84 1 96.3 
115.oo 1 358.1oo 1 0.92 '·" ,,06 731 90 84 1 95.2 
12o.oo 1 363.440 1 o.oo I I o.o 
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Inlet Run #3 

DATA 

liKE IGAS HETERIVELOCITY I ORIFICE PRESSURE I STACK IDRY GAS METER TEHP.I XI I 
I READING IDELTA P I ACTUAL DESIRED I TEHP I IN our I PER POINT 1 

~-·--·······•······-··+·------------------·---------·----------------····---------· o.oo 1 368.281 1 o.75 I 3.60 3.21 1 78 1 76 771 119.5 1 
5.oo 1 374.2oo 1 o.77 I 3.69 3.32 1 791 82 78 1 89.2 1 

1o.oo 1 378.7oo 1 o.74 1 3.55 3.19 1 8o 1 85 78 1 84.7 1 
15.oo 1 382.9oo I o.74 1 3.55 3.2o 1 8o 1 86 791 102.1 1 
2o.oo 1 3BB.ooo I o.73 I 3.50 3.16 1 78 1 86 791 95.1 1 

· 25.oo 1 392.7oo 1 o.73 I 3.50 3.15 1 8o 1 86 791 101.4 1 
3o.oo 1 397.7oo 1 0.70 3.36 3.o5 1 76 1 86 8o 1 96.8 1 
35.oo 1 402.400 I 0.70 3.36 3.o3 1 79 1 85 79 I 93.1 1 
4o.oo 1 406.9oo 1 0.73 3.50 3.16 1 79 1 85 8o 1 97.2 1 
45.oo 1 411.7oo 1 0.65 3.12 2.81 1 78 1 84 79 1 96.6 1 
5o.oo 1 416.200 I 0.62 2.97 2.68 1 78 1 84 791 101.1 1 

I 55.oo 1 42o.8oo 1 0.60 2.88 2.6o 1 771 84 791 98.2 1 
. I 6o.oo 1 425.2oo I 0.68 3.26 2.94 1 751 79 1a 1 92.6 1 

I 65.oo 1 429.6oo 1 0.65 3.12 2.82 1 751 81 78 1 101.0 1 
I 10.oo 1 434.3oo I 0.68 3.26 2.94 1 76 1 82 771 98.9 1 
l 75.oo 1 439.ooo 1 0.68 3.26 2.95 1 751 83 771 96.6 1 
I 8o.oo 1 443.6oo 1 0.67 3.21 2.9o 1 78 1 84 78 1 99.5 1 
I 85.oo 1 448.3oo 1 0.67 3.21 2.9o 1 771 84 78 1 99.4 1 
I 9o.oo 1 453.ooo I 0.65 3.12 2.82 1 11 1 85 78 1 96.5 1 
I 95.oo 1 457.5oo 1 0.65 3.12 2.82 1 751 83 78 1 98.6 1 

5 I 1oo.oo 1 462.1oo 1 o.62 1 2.97. 2.11 1 11 1 82 771 9&.6 1 
5 I 1o5.oo 1 466.6oo 1 o.62 1 2.97 2.11 1 1o 1 81 76 1 96.5 1 
61 11o.oo 1 471.ooo 1 o.68 1 3.26 2.97 1 69 1 80 751 96.5 1 
6 I 115.oo 1 475.6oo 1 o.68 1 3.26 2.98 1 67 1 80 751 1oo.o 1 

I 12o.oo 1 480.379 1 I o.oo 1 I I o.o 1 
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Inlet Run #4 

IGAS HETERIVELOCITY I ORIFICE PRESSURE I STACK IDRY GAS HEYER TEMP. I XI I 
I READING IDELTA P I ACTUAL DESIRED I TEHP I IN ClJT I PER POINT I 

········+····---------------·---------·-------------------··········+ 
1 48o.7oo 1 o.79 1 3.79 3.39 1 53 1 53 52 98.6 1 

1 485.6oo 1 o.79 1 3.79 uo I 53 I 56 52 98.3 1 

1 49o.5oo 1 o.11 1 3.69 3.33 1 55 I 62 53 99.1 1 

1 495.4oo 1 o.79 1 3.79 3.42 1 57 1 66 56 95.4 1 

1 5oo.2oo 1 o.75 1 3.60 3.26 1 58 1 70 58 97.4 1 

1 5o5.ooo 1 0.70 3.36 3.o6 1 58 1 7Z 60 98.3 1 

oo 1 5o9.7oo 1 0.70 3.36 3.06 I 59 I 74 62 95.9 1 

. oo 1 514.3oo 1 0.66 3.16 2.89 1 61 I 77 64 98.4 1 

1 518.9oo 1 0.66 3.16 2.89 1 62 1 78 66 96.1 1 

1 5ZJ.4oo I 0.70 3.36 . 3.08 I 62 I 80 68 88.9 I 

5o,oo 1 s21.1oo 1 0.70 3.36 3.o8 1 63 I 81 69 1o5.3 1 

5.s.oo 1 532.8oo 1 0.72 3.45 3.17 1 641 82 71 93.6 1 

60.oo 1 537.403 1 0.75 3.60 3.28 1 661 77 7J 98.1 1 

65.oo 1 542.3oo 1 0.75 3.60 3.29 1 67 1 81 74 93.8 1 

70.oo 1 547.ooo 1 0.76 3.64 3.33 I 69 1 84 75 1oo.9 1 

75.oo 1 552.1oo 1 0.76 3.68 3.33 1 11 I 87 77 92.7 1 

ao.oo 1 556.800 1 0.74 3.55 3.24 1 731 89 78 97.9 1 

a5.oo 1 561.700 1 0.76 3.68 3.33 1 74 1 90 80 98.4 1 

9o.oo 1 566.7oo 1 0.72 3.45 3.16 1 74 1 91 81 96.8 1 

95.oo 1 571.5oo 1 0.74 3.55 3.25 1 76 1 92 82 95.5 1 

1oo.oo 1 576.3oo 1 0.70 3.36 3.07 1 771 93 83 1 98.1 1 

105.oo 1 581.1oo 1 0.70 3.36 3.o8 1 751 93 84 1 97.8 1 

11o.oo 1 585.9oo 1 0.68 3.26 3.oo 1 751 93 85 1 97.1 1 

115.oo 1 59o.6oo 1 0.76 3.64 3.36 1 751 93 861 95.7 1 

12o.oo 1 595.501 1 o.oo 1 I I o.o 1 
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Inlet Run #5 

TIHE (GAS HETER(VELOCITY ( ORIFICE PRESSURE I STACK (DRY GAS HETER TEHP.( XI I 

(READING (DELTA P I ACTUAL DESIRED I TEHP I IN CUT (PER POINT( 

--·····+··-·········-···--·+······-··+·····-···----------+--------·+ 

o.oo 1 595.638 1 o.78 1 3.74 3.41 1 75 1 83 84 1 97.6 1 

5.oo I 6oo.645 1 o.78 1 3. 74 3.39 1 78 1 85 84( m.8 1 

1o.oo 1 607.4oo 1 o.78 1 3.74 3.4o 1 8o 1 90 85 1 1o3. 1 1 

15.oo 1 612.7oo 1 o.78 1 3.74 3.54 1 6o 1 94 86( 110.2 1 

2o.oo 1 618.5oo 1 o.11 1 3.40 3.24 1 61 1 97 89 1 81.2 1 

Z5;00 I 622.600 I o.11 1 3.40 3.24 1 62 1 98 89 1 97.o 1 

3o.oo 1 627.5oo 1 o.1o 1 3.36 3.2o 1 61 1 99 90 1 95.5 1 

35.oo 1 632.3oo 1 o.66 1 3.16 3.o2 1 62 1 100 91 1 98.2 1 

.4o.oo 1 637.1oo I o.6o 1 2.88 2.75 I 62 1 100 92 1 98.5 1 

45.oo 1 641.7oo 1 o.62 1 2.97 2.84 1 62 1 100 92 I 97.o 1 

5o.oo 1 646.3oo 1 o.66 1 3.16 3.o3 1 61 1 101 93 1 93.8 1 

55.oo 1 65o.9oo 1 o.65 1 3.12 2.99 I 61 1 102 94 1 9U I 

6o.oo 1 655.501 I o.n I 3.45 3.29 1 62 1 96 94 1 94.1 1 

65.oo 1 66o.3oo 1 o.1o 1 3.36 3.19 1 62 1 96 92 1 95.6 1 

· 1o.oo 1 665.1oo 1 o.12 1 3.45 3.29 1 61 1 97 92 1 96.1 1 

75.oo 1 67o.ooo 1 o.12 1 3.45 3.29 1 63 1 98 93( 94.2 1 

8o.oo 1 674.8oo 1 o.68 1 3.26 3.12 1 61 1 100 94 1 96.4 1 

a5.oo 1 679.6oo 1 o.68 1 3.26 3.12 1 62 I 101 94 1 96.4 1 

9o.oo 1 684.4oo 1 o.66 1 3.16 3.o3 1 62 1 101 94 1 95.8 1 

95.oo 1 689.1oo 1 o.66 1 3.16 3.02 I 63 1 99 93( 96.2 1 

1oo.oo 1 693.8oo 1 o.1o 1 3.36 3.2o 1 63 1 98 93 1 95.5 1 

1o5.oo 1 698.6oo 1 o.65 1 3.12 2.96 1 63 1 97 92 I 97.1 1 

11o.oo 1 7o3.3oo 1 o.12 1 3.45 3.28 1 63 1 97 93 1 94.3 1 

115.oo 1 1o8.1oo 1 o.1o 1 3.36 3.18 1 63 1 95 9Z 1 95.8 1 

12o.oo 1 r12.9o1 1 I o.oo 1 I I o.o 1 
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Inlet Run #6 

JGAS HETERJVELOCITY J ORIFICE PRESSURE I STACK JDRY GAS HETER TEHP.J XI .I 

JREADING JDELTA P I ACTUAL DESIRED. I TEMP I IN WT JPER POINTJ 

··-········-········-·······+··-------·-------------------·------·-·+ 

1 714.920 I o.76 1 3.65 3.29 1 791 82 84J 112.1 1 

1 12c.6oc 1 o.76 1 3.65 3.3o 1 79 1 87 83 1 85.o 1 

1 m.9oc I o.66 1 3.16 2.89 1 77J 90 84J 96.9 1 

1 729.5co I o.69 1 3.31 3.o1 1 78 1 90 84 1 97.o 1 

1 m.2oo I o.67 1 3.21 2.93 1 78 1 89 84 1 96.4 1 

1 738.8oo 1 o.67 1 3.21 2.92 1 79 1 90 84 1 98.5 1 

1 m.5oo I o.56 1 2.68 2.46 1 76 1 90 841 98.2 1 

1 747.8oo 1 o.62 1 2.97 2.n1 76 1 89 84 1 97.8 1 

1 752.3oo I .o.6o 1 2.88 2.63 1 771 90 84 1 97.z 1 

1 756.7oo I o.56 1 2.68 2.45 1 771 90 85 I 98.2 1 

1 761 .coo I o.6o 1 2.88 2.65 1 721 89 84 1 94.6 1 

1 765.3oo 1 o.51 1 2.44 2.25 1 721 89 84J too.3 1 

1 769.505 I o.66 1 3.16 2.9o 1 69 1 80 82 1 103.5 1 

1 774.4co 1 o.66 1 3.16 2.89 1 721 84 82 I 9o.9 1 

1 778.7oo 1 o.64 1 3.07 2.83 1 681 86 82 1 96.o 1 

1 783.2co 1 o.64 1 3.07 2.82 1 1o 1 86 82 I 98.3 1 

1 787.8co I o.64 1 . 3.07 2.82 1 11 1 88 82 I 98.2 1 

.oo 1 792.4oo 1 o.64 1 3.07 2.82 1 10 1 87 82 1 98.2 1 

1 797.ooo 1 o.6o 1 2.88 2.66 I 661 86 81 I 96.8 1 

1 801.4oo 1 o.6o 1 2.88 2.66 1 66J 85 81 1 99.1 I 

1oo.oo 1 805.9co 1 o.6o 1 2.88 2.66 1 65 1 85 8c 1 94.7 1 

1 81o.2oo 1 o.6c 1 2.88 2.66 1 65 1 85 8c 1 96.9 1 

11o.oo 1 814.6oo 1 o.58 1 2.78 2.s4 1 721 84 8o 1 99.3 1 

115.oo 1 819.coo 1 o.6o 1 2.88 2.63 1 10 1 82 791 95.6 1 

12o.oo 1 823.305 1 I o.oo 1 I I o.o 1 
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Outlet Run It 1 

JGAS METERjVElOCITY J ORIFICE PRESSURE I SlAt( jDRY GAS METER TEKP.j XI I 

JREADIHG jDElTA. P I ACTUAl DESIRED I TEKP I IN WT jPER POINTJ 

···················+··---····•-··--·····-·-------·······--·+ 

1 21s.m 1 o.13 1 0.65 o.63 1 63 I ~ 62 I 136.o 1 

1 218.1oo 1 o.o9 1 0.45 o." I 621 66 63 I 111.1 1 

1 22o.1oo 1 o.or 1 0.35 o.34 1 631 68 64 I 1o6.8 1 

I 22MOO I o.o6 1 0.30 O.Z? I 621 71 661 1o8.o 1 

I zzuoo I 0.06 I 0.30 O.Z? J 63 I 7Z 67 I 101.1 l 

l 225.5oo 1 o.o8 1 0.40 o.3? 1 63 I 74 69 1 104.7 l 

1 221.3oo I o.1o 1 0.50 0.49 l 63 1 75 nl 119.3 1 

1 229.6oo 1 o.o9 1 0.45 D." I 63 I 77 7Zl 103.6 1 

1 231.500 I o.o8 1 0.40 o.39 1 ~I 78 731 m.o 1 

1 233.300 I o.o8 1 · 0.40 0.40 64 1 8D 751 1o9.4 1 

1 235.2oo 1 o.o1 1 0.35 0.35 ~I 81 76 I 98.3 1 

1 236.8oo 1 o.o1 1 0.35 0.35 £'1 81 771 104.3 1 

1 238.5oo 1 o.z5 1 1.25 1.24 63 l 82 771 58.5 1 

1 24o.3oo 1 o.1a 1 0.90 0.89 701 86 80 I 112.2 1 

1 244.8oo 1 o.16 1 o.8o 0.79 731 86 ao I 101.1 1 

1 247.300 1 o.15 1 0.75 0.74 731 88 81 I 100.6 1 

1 249.700 1 0.10 1 0.50 0.49 11 I 88 82 1 117.6 1 

1 252.ooo 1 o.os 1 0.40 0.39 nl 88 82 I 120.2 1 

I 254.10D I o.2o 1 1.00 0.98 75 I 87 831 1o1.a 1 

1 256.9oo 1 o.19 1 0.95 0.94 731 89 83 1 96.6 1 

1 z5?.soo 1 D.15 1 0.75 0.74 74 1 91 85 1 1oa.l 1 

1 262.1oo 1 0.16 1 0.80 o.79 1 75 I 91 85 1 92.9 1 

1 264.4oo 1 o.o9 1 0.45 o.44 1 75 1 91 85 I m.5 1 

.115.oo 1 266.9oo 1 o.or 1 0.35 o.3s 1 751 91 a6 1 15o.z 1 

1 269.365 1 I o.oo 1 I I o.o 1 
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Outlet Run #2 

) 

' 

(GAS HETERIVELOCITY I ORIFICE PRESSURE I (DRY GAS HETER TEHP.( XI 
STACK 

' 

(READING (D.ELTA P I ACTUAL DESIRED I TEHP I IN CUT (PER POINT 
\, 
:. 

···············+·········+··············-····+········- ' 

1 269.&18 1 o.21 I 1.35 1.12 1 74 1 81 82 1 100.2 .J 

1 2n.8oo 1 o.25 1 1.25 1.22 1 74 1 83 81 1 104.6 I 

1 276.ooo 1 o.2o 1 1.00 o.98 1 75 I 85 81 1 94.8 

1 278.6oo 1 o.15 1 0.75 o.73 1 76 1 86 82 1 58.9 

I 280.000 I o.14 I 0.65 o.69 1 74 1 87 82 1 130.2 

1 283.ooo 1 o. 12 I 0.56 o.59 1 12 1 88 82 1 102.8 

1 za5.2oo 1 o.z1 I 1.08 1.11 1 731 84 83 1 101.8 

1 288.2oo 1 ·o.2o I· 0.94 o.99 1 12 1 87 83 1 87.0 

1 29o.6oo 1 o.19 I 0;89 o.94 1 73( 88 83( 92.9 

1 293. 1oo 1 o.16 1 0.75 o.79 1 751 88 83 I 93.3 

1 295.4oo I o.15 1 0.70 o.74 1 76 1 89 84( 96.3 

I 297.7oo 1 o. 14 1 0.66 o.69 1 73( 88 84 1 95.1 

1 299.9oo 1 o.16 I 0.75 o.79 1 731 84 83 I 97.5 

65.oo 1 102.1oo 1 o.1o 1 0.47 o.49 1 74 1 83 85 1 102.8 

1o.oo 1 3o4.3oo 1 o. 11 I · 0.51 · o.54 1 76 1 87 84( 97.9 

-ts.oo 1 1o6.1oo 1 o.11 1 0.61 o.64 1 75 I 87 841 99.0 

ao.oo 1 3o8.5oo 1 o. 12 1 . 0.56 o.s9 1 11 I 87 84( 88.6 

85.oo 1 11o.4oo 1 o.1o I 0.47 o.49 1 74 1 87 84 1 97.4 

9o.oo 1 112.1oD 1 0.18 1 0.84 o.89 1 73) 85 83 1 103.4 

95.oo 1 315.ooo I o.15 1 0.70 o.74 1 75 1 87 83 I 88.1 

1oo.oD 1 111.1oo 1 o.14 1 0.65 o.69 1 12 I 87 831 82.2 

1o5.oo 1 319.ooo 1 o. 11 1 0.61 o.64 1 10 1 87 83 I 112. I 

11o.oo 1 121.soo 1 o.12 1 0.56 0.59 1 74 1 87 831 98.3 

115.oo 1 3ZJ.6oo 1 o.1o 1 0.47 o.49 1 nl 87 831 91.5 

12o.oo 1 325.388 1 I o.oo 1 I I 0.0 

•• A-21 



Outlet Run #3 

(GAS METER(VELOCITY ( ORIFICE PRESSURE I STACK (DRY GAS HETER TEHP.( XI 

(READING I~ELTA p I ACTUAL DESIRED I TEKP I IN OUT (PER POINT( 

········---------·-········+········-+···················+·········+ 

I 326.Z35 I o.2o 1 0.94 o.86 1 76 1 77 78 1 1o1.o 1 

1 329.ooo I o.16 1 0.75 o.1o 1 73( 81 78 1 98.8 1 

1 311.1oo 1 o.14 1 0.67 o.61 1 73( 82 79 1 1oo.9 1 

1 333.5oo 1 o.12 1 0.56 o.53 1 711 83 79 1 98.7 1 

.DO I 335.500 I o.11 1 0.61 o.57 1 69 1 82 79 1 94.8 1 

1 337.5oo 1 o.o8 1 0.38 o.35 1 69 1 82 79 1 1o8. r 1 

1 339.3oo 1 o.14 1 0.67 o.61 1 69 1 80 791 105.3 1 

1 341.6oo 1 o.1o 1 0.47 o.44 1 681 80 78 1 m.1 1 

·I 343.7oo 1 o.11 1 0.51 o.48 1 67 1 80 78 1 92.8 1 

1 34s.soo 1 O.lt I 0.51 o.48 1 681 80 78 1 77.4 1 

1 347"ooo 1 o.o9 1 0.42 o.4o 1 67 1 80 78 1 125.4 1 

1 349.2oo 1 o.24 1 1.13 1.o5 1 67 1 78 11 1 84.1 1 

1 351.6oo 1 o.21 1 0.99 o.92 1 67 1 80 771 104.7 1 

6s.oo 1 354.4oo 1 o.19 1 0.89 o.84 1 67 1 81 11 1 98.2 1 

1o.oo 1 356.9oo 1 o.14 1 0.67 o.62 1 67 1 81 771 118.9 1 

75.00 I 359 .SOD I o.12 1 0.56 o.53 1 67 1 80 11 1 84.o 1 

ao.oo 1 361.2oo 1 o.12 1 0.56 o.s1 1 68 1 80 771 94.o 1 

e5.oo 1 363.1oo 1 o.12 1 0.56 o.53 1 66 1 80 11 1 101.1 1 

9o.oo 1 365.zoo 1 o.25 1 1.26 1.11 1 . 62 1 79 771 95.7 1 

95.oo 1 368.ooo 1 o.21 1 1.26 1.19 1 65 1 79 76 1 a9.1 1 

1oo.oo 1 37o.7oo 1 o.22 1 1.00 o.97 1 65 1 79 76 1 95.o 1 

1os.oo 1 373.3oo 1 o.14 1 0.65 o.62 1 641 79 75 1 100.1 1 

11o.oo 1 375.5oo 1 o.12 1 0.56 o.53 1 64 1 77 75 1 108.9 1 

115.oo 1 377.roo 1 o.u 1 0.56 o.s3 1 63 1 76 74 1 94.1 1 

12o.oo 1 379.6oo 1 I o.oo 1 I I o.o 1 
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Outlet Run #4 

(GAS KETERfVElOCITY ( Ok!FitE PRESSURE I STAC~ (DRY CAS KETER TEHP.f XI I 

(READING. (DElTA P I ACTUAl DESIRED I TEMP I IN CUT (PER POINT( 

···•···················+··-················•·········+·········-·········+·········+ 

1 379.955 I o.19 1 0.89 o.84 1 sl 1 51 5o 1 a1.o 1 

s.oo 1 1sz.1oo 1 o. 1a 1 0.84 o.79 1 59 1 55 51 I 116.7 1 

I 384.900 l o.l5 1 0.71 o.66 1 59 1 58 5Z I 86.~ I 

l 386.800 l o.o8 1 0.38 o.l4 1 59 1 61 54 1 1'8.6 I 

l 389.200 1 o.o5 1 0.29 o.21 1 89 l 62 55 I 134.7 1 

l 39o.9oo 1 o.o1 1 0.33 o.11 1 58 1 63 sr I 92.1 1 

1 39Z.3oo 1 o.zo I 0.94 o.9o 1 57 1 62 59 I 1os.1 1 

1 395.ooo I. o. 1a 1 0.84 o.a1 1 56 1 68 61 1 97.6 1 

1 397.400 1 o.14 1 0.65 . o.63 1 57 1 . 70 43 I 101.1 1 

1 399.40o 1 o.o1 I 0.33 o.12 1 s7 1 72 64( 123.o 1 

5o.oo 1 4ol.5oo 1 o.o7 1 0.33 o.32 1 57 1 72 65 1 103.5 1 

55.oo 1 403.1oo 1 o.o4 1 0.28 o.27 1 s7 1 72 661 111.1 1 

4o.oo 1 404.roo 1 o.16 1 0.75 o.n I 57 1 73 681 119.s 1 

65.oo 1 4o7.5oo 1 o.o8 1 0.38 o.J7 1 57 1 76 1o 1 114.o 1 

.ro.oo 1 4o9.4oo 1 o.o1 1 0.33 o.32 1 57 1 78 711 1oa.1 1 

75.oo 1 411.1oo 1 0.09 1 0.42 o.41 1 57 1 79 7Z I 101., 1 

ao.oo 1 412.900 1 o.or 1 0.33 o.12 1 57 1 80 74 1 1oa.2 1 

as.oo 1 414.6oo 1 o.o6 1 0.28 o.za 1 57 1 81 751 114.7 1 

9o.oo 1 416.3oo 1 o.1a 1 0.85 o.sl 1 58 1 80 74 1 ro1.1 1 

95.oo 1 4ta.9oo l 0.11 I o.sz o.51 1 58 1 84 771 101.1 1 

1oo.oo l 4zo.ooo 1 o.11 I 0.52 o.s1 1 5a 1 84 78 l 95.9 1 

1o5.oo 1 422.8oo I o.1o I 0.47 o." I 59 I 84 791 79.4 1 

· 11o,oo 1 4Z4.3oo l 0.10 I 0.47 M4( 59 1 84 8o 1 111.1 1 

115.oo I 426.4oo 1 o.1o I 0.47 o.44 1 59 I 84 eo I 9s.s 1 

12o.oo 1 428.205 1 I o.oo 1 I 
I o.o 1 
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Outlet Run #4 

(GAS METERfYELOCITY f ORIFICE PRESSURE I STAtiC fDRY CAS METER TEKP.I XI I 

(READING, fDELTA P I ACTUAL DESIRED I TEHP I IH CUT IPER POIHTf 

·········-···-····+·········+···················+··--·-·-·+ 

I 379.PSS I o.19 1 0.89 o.M 1 53 1 51 so 1 a1.o 1 

s.oo 1 352.1oo 1 o.1a 1 O.M o.79 1 59 1 55 51 1 116.7 1 

I 3M.900 I o.1s 1 0.71 o.66 1 59 1 58 5z 1 114.4 1 

1 386.8oo 1 o.o8 I 0.38 o.36 1 s9 1 61 54 I 1'8.6 1 

1 389.zoo 1 o.os f 0,29 o.z1 1 a9 1 62 ss I 136.7 1 

.oo 1 39o.9oo I o.or I 0.33 o.31 1 sa 1 63 57 1 92.1 1 

1 392.3oo 1 o.zo 1 0.94 o.9o 1 57 1 62 s9 I 105.1 1 

.oo 1 39S.ooo 1. o.ra 1 ' 0.84 o.81 1 56 1 68 61 1 97.6 1 

1 397.4oo 1 o.14 1 0.65 ' o.63 1 57 1 . 70 63f 101.1 1 

•·· ,s.oo 1 399.600 I o.o1 1 0.33 o.32 1 57 I 12 64f 123.o 1 

so.oo 1 4o1.soo l 0.07 l 0.33 0.32 l 57 1 12 65 I 1o1.5 1 

55,oo 1 401.1oo 1 o.o6 1 0.28 o.27 1 57 1 12 661 m.r I 

6o.oo 1 4o4.70o 1 o.16 1 0.75 O.Tl I 57 1 73 681 119.5 1 

6s.oo 1 4o7.5oo 1 o.oa 1 0.38 o.11 1 57 1 76 701 114.o 1 

1o.oo l 4o9.4oo 1 o.o1 I 0.33 o.12 1 57 I 78 11 I 1oa.1 1 

75.oo 1 411.1oo 1 o.09 1 0.42 o.41 1 57 I 79 1z 1 1o1.4 1 

ao.oo 1 412.9oo 1 0.07 l 0.33 0,32 l sr 1 80 74 1 1o8.z 1 

as.oo l 414.6oo 1 o.o6 I 0.28 o.28 1 57 I 81 15} 116.7 1 

90.oo 1 416.Joo 1 0.18 f 0.85 o.al 1 58 f 80 76 l 103.3 1 

95.00 1 418.900 1 o.n I 0.52 o.51 1 58 l M 77J 101.1 l 

1oo.oo 1 42o.9oo 1 0.11 f 0.52 o.s1 1 58 l M 78 l 95.9 l 

1os.oo 1 42Z.8oo 1 o.to 1 0.47 o.46 1 s9 1 M 791 79.4 1 

tto.oo I 4Z4.300 I 0.10 l 0.47 o.46 1 59 1 M 80 1 111.1 1 

lts.oo 1 426.400 1 o.1o 1 0.47 o,46 1 59 1 84 8o 1 95.5 1 

120.00 J 4Z8.205 1 I 
o.oo l I 

l o.o 1 
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Outlet Run #5 

JGAS KETERJVELOCITl I ORIFICE PRESSURE I STACK !DRY GAS METER TEMP. I XI I 
!READING JDELTA p I ACTUAL DESIRED I TEMP I IN OUT !PER POINT I 

, ••••.•••..•.•.••..•• ~----···+······-·····-······•·········+···················+·········+ 
1 428.3oo 
1 43o.7oo 
1 m.1oo 
1 435.2oo 
1 437.5oo 
1 438.9oo 
1 4u.1oo 

'""~''·"" 1 442.6oo 
1 444.7oo 
1 "6.600 
1 448.6oo 
1 451.ooo 
1 452.9oo 

" oc>-DU I 455.700 
1 458.7oo 
1 461.4oo 

' "'' nn I 463.800 1 
1 465.650 1 

90.oo 1 467.4oo 1 
95.oo 1 4?0.ooo 1 

82 1 
82 1 
83 1 
83 1 
841 
85 1 
86 1 
a1 1 
88 1 
89 1 
89 1 
9o 1 
91 1 
92 1 
92 1 
92 1 
921 
92 1 

97.5 
126.8 
105.7 
115.6 
70.2 

110.1 
64.2 

100.3 
94.6 
91.6 

109.8 
90.3 
94.1 

105.0 
96.7 

1ou I 
87.8 1 

1 412.8oo 1 
>'J,w, nu:).oo 1 m.ooo 1 

o.11 1 
o.1o 1 
o.11 1 
o.11 1 
o.11 1 
o.11 1 
o.15 1 
o.12 1 
0.11 I 
o.l3 1 
o.l3 1 
o.12 1 
o.24 1 
o.22 1 
o.21 1 
o.l5 1 
o.12 1 
o.o& 1 
o.l9 1 
o.u I 
o.l9 1 
o.15 1 
o.11 1 
o.12 1 

0.80 
0.47 
0.52 
0.52 
0.52 
0.52 
0.70 
0.56 
0.47 
0.61 
0.61 
0.56 
1.12 
1.03 
0.96 
0.70 
0.56 
0.28 
0.89 
1.10 
0.89 
0.71 
0.52 
0.56 

o.79 1 
D.46 I 
o.51 1 
o.51 1 
o.51 1 
o.52 1 
o. 1o 1 
o.56 1 
o.52 1 
o.61 1 
o.61 1 
o.57 1 
1.13 1 
1.o, 1 
o.99 1 
o.11 1 
o.57 1 
o.28 1 
D.9o I 
1.o9 1 
o.9o 1 
o.11 1 
o.52 1 
o.57 1 
o.oo 1 

6o 1 
6o 1 
61 1 
6o 1 
60 1 

6o 1 
61 1 
61 1 
62 1 
62 1 
62 1 
61 1 
61 1 
61 1 
62 1 
62 1 
62 1 
62 1 
61 1 
61 I 
61 1 
63 1 
631 
63 1 

82 
84 
85 
86 

88 
89 
90 
91 
93 
93 
94 
94 
94 
96 
97 
96 
94 
94 
93 
98 
99 

98 
97 
96 

. 93 I 
94 1 
94 1 
95 1 
95 1 
95 1 

111.4 1 
98.1 1 
95.5 1 
7.5 1 

169.0 1 
143.1 1 

99.3 1 
o.o 1 

•• 

1 m.ooo 1 
1 479.9oo 1 

12o.oo 1 4a2.ooo 1 I I I 
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Outlet · Run #6 

JGAS HETERJVELOCITY I ORIFICE PRESSURE I STACK IDRY CAS METER TEMP. I XI I 

I READING IQELTA P I ACTUAL DESIRED I lEHP IN 001 IPER POINTI 

··································•
···················•·········· 

o.oD 1 ,83.1DB I o.25 1 1.18 1.12 1 ao 1 M a5 1 ID1.8 1 

1 486. 1oD 1 D.2s 1 1.18 1.13 1 771 85 as 1 9a.3 1 

1 4a9.ooD 1 o. 19 1 0.89 o.86 1 79 1 90 BBI 104.3 1 

1 491.70D 1 o.11 1 D.61 D.59 1 791 92 87 I 9a.o 1 

1 493.aDD 1 o.n 1 D.51 D.5D 1 8o 1 87 85 I D.o 1 

1 446.oDD 1 o.09 1 D.42 o.41 1 76 I 86 85 1 2910.2 1 

1 497 .7DD I D.19 1 0.89 o.as 1 7a 1 83 84 1 97.5 1 

1 5DD.2DD 1 o.12 1 0.56 o.54 1 78 1 85 83 I 1D7.8 1 

4D.oo 1 5DZ.4DD I D. 10 f' ' D.47 "US I·· 79 1 86 841 111.9 I 

45.oD 1 504.6oD 1 o.D3 1 0.14 D. 14 I 11 1 85 84 1 166.1 I 

1 506.3Do 1 o.o1 1 0.14 o.14 1 751 85 Ml 165.8 1 

55.DD 1 sDa.DDD 1 o.o3 1 D. 14 o.14 1 751 85 84 I 146.3 1 

6D.DD 1 5D9.5DD 1 o.1o 1 0.47 D.4s 1 11 1 82 831 96.2 1 

6s.oD 1 511.3Do I o. 19 1 0.89 o.a7 1 681 82 a2 I 65.9 1 

ro.Do 1 513.DDo I D.n 1 0.51 D.so 1 69 1 83 a2 I 96.7 1 

75.oo 1 514.9oD 1 o.12 1 D.56 D.55 1 11 I 83 82 1 97.6 1 

eo.oo 1 516.9DO 1 o.13 1 · D.61 o.59 1 681 83 a2 1 9a.2 1 

a5.Do 1 519.DDo 1 o. 12 1 D.56 o.55 1 11 1 M a2 1 97.5 1 

9D.oD 1 s21.DoD 1 o. 14 1 D.65 o.64 1 11 1 83 a2 1 1oa.5 1 

95.Do 1 523.40D 1 D.l9 1 0.89 o.86 1 11 1 84 a1 I 97.D 1 

1oD.Do 1 5zs.9oo 1 D.l2 1 0.56 o.s5 1 11 1 M a1 1 1oz.s 1 

1os.oD 1 5za.oDD 1 D. 11 I 0.51 D.sD 1 7D 1 82 aD 1 102.1 1 

11o.oo 1 53o.ooo 1 o.11 1 0.61 o.s9 1 10 1 82 8D 1 &9.3 1 

11s.oo 1 531.9Do 1 o. 11 I 0.51 o.sD 1 69 1 82 ao 1 98.2 1 

12D.oD 1 533.&25 1 I 
o.oo 1 I I o.o 1 
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APPENDIX "B" 

FIELD DATA SHEETS 

• 

B -1 



, 

·VELOCITY FIELD DATA SHEET 
source: 11 rf·i~r..t"£, . .-

...::..j.''..L..f-.J.:._z.._R.un # : _! __ 
Barometric Press.: '3 0. I V 

bl IJ9. Dry Bulb:_.....:tS""":=::........l?-<::...-__ Moisture:_...~.!...::%:__ __ _ 
I fJf:. 

J1 : TLf fl ( Cp: 0. f;Lj Stack Area: ____ _ 

Dwnstr. Disturbance ~ 2!'1-

/ e · TRAV. ( PT + t:::,p TEMP STACK 
· PT. I Dtl\M LOC PORT In H2o PRESS NULL 

.4- I • b I 
{). s;cA L .,.;J/ () 

z ),D .-d-0 0 
3 lf.Jt.f ,.dd 0· 
i 'i.K't. ,dr) 0 
:) 

~ 

.. 3) () J(:f~ 

b I 3· "3g ,d-1 () 
.81 I L I I~ +op ::l.( () 

2 d,() -.33 0 
3 t./. It.{ ..3n () 
i ~ .S!b .. ~~b {) 
s /t ,'jj ,.3~ () 
~ 1 J, sf .. 3D • v 

coMMENTs : _______ _.A::.&! .. ,.~~....:-C:.:.:::.J:....:._z..:...:t:.)::. _______ _ 

---------------------------



. ·VELOCITY FIELD DATA SHEET 
Source: ' ()<jjl. / 
Test Date: dtJ/'iJ.Run # :__.:_} __ 
Barometric Press. : 3 (J. ( V 

~--...!.!.;.'.fL_ Dry Bulb: f({p Moisture: _.l.../_..&"-----
3.£./ Cp: Q ft Stack Area: ____ _ 

Disturbance ~:j/ff · '· Dwnstr. Disturbance / J.d. /'01.2 //X -!~~>_'75 stack Height _J.J.f#w_ _____ _ 

TRAV. % PT +· 6P TEMP STACK 8 PT. II DIJIM LOC PORT In H2o PRESS NULL 

Ct I. 3 c_ %-1.. )L -!,-t," + 
~J '7.3 ~Jtf () 
~ ?;;;,( .;21 ()· ,, 

j{) -~<"· -
.-~. }3 ,C){p -
~ Jfn .. u ' Q liJ I }, 3 ~ -I.E\ ~ 

.1:. l./. 3 ,;J__s' () 
.3 1. :JS 

~ 

--~ll {) 
~ J{) 

~ 

() ,0,;? -,) 13 -H3.5 0 y Jh ,.3/o . 0 T 

COMMENTS: ___________________ _ 

• • 

Aclvonccd Sysloms.T ·~cc~hn~ol~ogy~,~~n~c. ______ .;;w::li"s~llil~wJiiifianiiiiiDii!Ci!llllllllllllllll 
.....___::__ ________ n o -



·VELOCITY FIELD DATA SHEET 
Source: . ailrlo· S:r._i/.~ 

Run # :_:.._/ __ 

Barometric Press. : __ 3~0..:...-1"-.:Y:__ __ 
----- Dry Bulb: __ 0::-:---=L.._· ___ Moisture: --.L./_.,6;>__ __ _ 

"'n"""" #:_5.!.!./';~f-~...!..( ___ cp:_...,~,O~-c.:::b:....!'f ___ .stack Area: ____ _ 

TRAV. % PT + 6P TEMP STACK e 
PT. U DIAM LOC PORT In 1120 PRESS NULL 

I /,1 ,-,, II-- , I d- ,,~/~I) fJ 
2 'i: :~ " I~ /) 

3 '),.).( , /!_ - . 

if 10 , 11 0 -..) 1'1 ,[9 (] 
(, . /iv .... 1{[) 0 

At J. 3 :13 , ( ;)_ {) .. ;;;;. L/.3 ,c;· [) 
13 1 .. },..., .... ';:)I ' LJ 
.f<S ~ /I) . ~ I . -() 
A .j_, ~3 , 11 -{) 

!lf-er l~ • ....1 ~ . 0 , 

r 4vr 0.'2.1.~ 
COMMENTS: 

(,_4f / 

• • 

Advanced Systems Technology, Inc. WashincJion, DC 

' ., 



PARTICULATE FIELD DATA 

Jj5EPA -E/ecfRie GIG:IJPJ(; source: ....,T"'-'_ ,a'-)4./.._L=-E_._f ___ _ 

n 8 : h na ro. Press. : ..Jt2_!LC.. 

_ __,/~3~{)-L-------'Humbe 1: o [ Poi. n ts/por ts: --J.~-'~¥-~_,2..__ ____ _ 

•rime per Poi.nt:_&117iiZI Net 'l'ot;:~l. Smnpl.e 'l'i.me: /:ZQ /11~---

oimensions_.t../_LfL-~-~--Stack llt·-===== Stack Press -.:J.. •/ 

oist._uh?:_•...!!:L:..::....:D:::.__ Dwnstr. Dist._2,2"'---'D=--- Assumed Moisture:~ 

M: 1/-S T#;2 orl rice II: f, ~9tJ Meter carr. : 

fi:AoT:#;.78/AQ/5 l't:ohe ff:~d.cp: 12• <?Lf 
Jit #.J.. l'r.e test si.ze: t'·X"q, O·.."U"? 12,.:25""1'} ~~t'-~ 
. ?j,_ d r- rt ~.._ 

1C:t.or -~t-__,__,_!L_,__ ___ Post test ~e: .::JaME -~--_y 

fi: Silica ff: .:i-/Z//ef /(l.IA.J #.-£. 

'l'rain t:J, tJO 6Cr-M E! /&6 Jn. llg 

6 In. for 

Press. 1_,.5 ln. (Ot" 

J In. [or 

(ml) . 1..tJ S: Gross 

.2?-'\J6if Gross 

.sample type ;1/A 

l\11 a 1 y sis t ype-...:..~.:__!ff'-'----

15 sec. 

15 sec. 

1.5 sec. 

d_()tJ,.f. 'l'i:l L'e 

'l'ilre 

Pass 1 

f!l, t:'P 5"" CFM @ 7 Tn. II<] 

~In. for 15 S'?.C. 

VIn. (or 15 sec. 

In. [or l!i ~ec. 

Pnss 2 

Hotes: _______________________________ _ 

.~------------------------------------

-··-----·-·· ·-------·-----·----·--·---------------·-·--····--······---·-
flU""'"· Gr.nt!Ji" Adv;tncr.d 5y~lorn~ T,;lnrni(I!Jy, Inc. W:1~l tinqlnn, 11\. 
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PARTICULATE FIELD DATA 

~:]~£i.?il::::J.':JI,~f:&~=-f:.'.2fj:~~~ Source : 7-:/1//...e. 7" 
..l._.ta;~~~::...:.....t.£J~..u::.~- Tas t Date: .;L-/~ _. ~ nun H : ~.h~-

DGM 
RI!:TIIJING 
v (ft3 ) . m 

st Me thocl: ~/__.3-.L.I.Bu_ ______ _ 
:: q. 8' 

611 
(.in.) 
1120 

110'1' 
nox 

'l'~MI' 
( F) 

STIMrr.r:: 
TRTIIN 

s 
=-I---I.L.=-::~~I··-.:...s.<=-I·-'"'--'--""-I-----110L=-t-1~-l..ll.L-1-LL. _5 ____ _ -6 1·-""""----1---'U---1-........ ::_·1~:__1·------

;,.l'-ll<~l---~~~-l--""--''--l~.._._,_.__l---1~"'--1-t.....,._,-"~1-.:....!...-i-'i, s -
.:;..I'----1---V:...J~<:...J~:.___I~,J....-=.__ -"--==J--I~Lh~S-.-1~::_ 1...!.-=-i__s __ _ 

-- -AUm11:1, Gf~rni:1 Advnnc~d Systr.m~ Todmology, lr~c. ----wi~;;h·;~,~-,~:-~-~/--· ---------·---------·-------·----·--·-··-------- -···-·--···-··---· . --·-- ··---· B-6 



• 

PARTICULATE FI.ELD DATA 

source: ·r &L£ r 
_.,tq::L.:..~..;;;,_..J.....:......<....!.J..t.::>.~-~.:u.~ •res t Date : ..2 -If?-91.. nun I : ....:;·:L=-­

CLOCK 
TIME 

s t Method: ...!./.:....:'3::::....J,R::::· !..---------

DGM 
REI\DI~G 
vm ( rt ) 

IIO'r 
611 nox 
(in. ) 'TEMP 

1120 (°F) 

1!'-1. ;23 ().816 3.2d-f 

IMP STI\CK 
TEMP 'l"EMP 
( uf") COr) 

SI\MI'l .• F.: 
Till\ IN 

---,-----------·- ·--·-·-·-----------···-·- ····- -······· ... IIUn11ln. Geornia llclv;mmrJ Syslmns TochnoiO!Jy, Inc. Wn~l•ir 'fflrn •. I'' -----------------·----·----s-:7--·-·------·······---------·---···- ·-··· 



PARTICULATE FrELD DATA 

t: lJS EP,&-- EIEC..fRu -bMfJIA!.~ r.ource :__I;d£/ 
.Ulli(6.....=====· _..2;_32: ___ nun II: _::zz:_ ____________ on ro. Prr:-~~.: . .3!2~./.t 
Hethorl: /3 B ______ l·llllllh<'l' or Po.inl::c:/ports:Mif.l:. ____________ ,, ____ _ 

e 'l'.ime pe1: l'o.int:./c?!?Zzy.Net 'l'ol.:nl C.nmpl.e 'l'.ime: / fl.CJ /l'l.i;;t!/: ____ _ _ 

l>imensJons /71 I/ _:.;t;:~ck Ill:. St;:~ck rrer::.r::..=.;?.d_ ...... _ 

. l>ist. /?-:20 _ nwnslr. l.>.isl:. ;2 D 1\ssumed tlo.ir-:l:tn·P.:J.~ . 
e g: As/#)_ 01:.iri.ce ll:~fr_p . Meter Con:. :.f:?.!._~.S-

ff: A.?£-#~ .. ~bJI< l'l:ohc II :3.ff. .. # ~ ........... cp: __ Sl:._f:__~--- .......... --·-

H : _C0.2:Sf) _1! J:._ ____ _ 1'1.·c t:er-:t r. i;.~: ,S E£ ./?tiAI # Z 
~--- ------ - ----------·-···-··---·--·-

l'osl: test ni7.c: __ ~~-- II '' '!·-···--·· 
r.i.J..i.cn II :.1/i!g-f_/i!_ttlf/ --#~-- ...... . 

m_.~l!!.~~c;:IS.!"i. _____________ I:F!L\;Q_;!!:_ ___________ ···----· l'o~_t . tpG L_ ..... 

~· t't' ~ .. CFI-1 P _ _L(!_ ___ ) n. 119 •. t?~~_Lct'l1 E1 ___ /.6.:.. _ln. llq 

v-------·-···-ln. rnr .1.5 sec. 

v--__ ln. Cor .1.5 sec. .... ---
;..-______ -_, ,, . r 1 •· .or: .. l r.~c .. 

-
--··-----· I II • (nJ: J:. ________ ln • ( o 1: 1 :. 

( ml ) ;_~j_{)_ G nn;r. • .2:...0J2a.J., 'l'tlrc 

· J.l.i.cn Gel (q) ~.;26!71r:nmr. .. .d1Q~ 'l';a1·c 

@.§_COI•I!:.Q{L:J.:Uot_l_ -------

llet 

--- ----···-·····-········· 

~-i.lmpJ.e Lype,_-J.MJLL'A...: ___ _ Pilsr, J 

llll11.1 ysir.; l:ype_Lj/Jt...!....~ --· 
\co., ,, ------- ----------

flo ter.;: 

-----· • 



PARTICULATE FIELD DATA 

·-··. t/Se& -t/t:CiB:IX!- b&~t.•Q:rl£r:b source:-=...z:»=...::.-'-'1£==--:....-/-___ _ 
.. :,""5A-m.I='S f._. f1tRkER 'l'ast 1Jnte:,;Z-fi-7.Z..nun f:.....r!!,2=::.___ 

- 2: 3 Method :..L/~3~8bo<----!7'"1--t-~= · 
f<f,W/;1[1. +. '8" 

DGM 
CT..OCK RBADI~G 

TIME Vm( ft ) 

110'1' 
6 II OOX IMP S'l'ACK 
(in.) 'J'BMP TEMP 'l'~MP 
1120 (°F) (°F) ( F) 

(I 

(/ 

-- -----------------------·------------··-------·-·······- ·- ... Allanl~. Gr.or!.Jia llrfv~nccrf Syslom• TodmoiC'IlY. Inc. W:"loinnlnn, llr. ____ , _________ ............................... li-=9-----·--- ......... .,,,, __ , ___ .. , ....................... -- . . . . " 



PARTICULATE FIELD DATA 

Source: ~{e,f--
'l'est Date: 2-1!-5'?..._ nun R: 2. ~~~~~-~~---

Method: /.3- !3 
/< {:p.dtrJ -f-. ~ 

DGM 110'1' 
CJ..OCK nEI\IH~G 6P 611 nox IMP STI\CK SI\MPJ,r:; 

TIME Vm(ft ) (in. ) (in. ) 'rEMP 'J'E:MP 'l'~MP Tni\IN 
1120 1120 (OF') (OF) ( F) 

-
~ 

""--1--l----l------l---l---1---1--l---1--l--1-----

• 

--- ·-------- ·-----·-·------------·-"""""' __ ,_ ...... 
1\ll:ml:l, GI)Ornia 1\clv:~nccrJ Sy~lmn• Tcchnol(l(ly, Inc. W:o,loir~llm, nr. 

·------·-i!-l'(l-·----·------"""--·- ..................... _, .. --- ........ .. -- ...... . 



PARTICULATE FIELD DATA 

U~£fA::EJe~fArt::-bRrfi1D!_a5 souece:J::)!! LE f 
~6_ .. :_,{i:.l_:==~Lt~.d>J.. ..... . H1111 H: ... tt:~ 3 ..... ·-·--··-- nilr:o. Prr:-r.!<. : ... 3(.).!./f 

thorl: J3 l·lumiH>r- n [ Po.i nl:r:jports :_/_2.L_:;f. ___ .................. . 

'l".i.me per l'o.int:_/L!dlb4tllet 'l'ol:;~l ~:mnple 'l'.ime: /:J.c;_/1'/1;.4/.: ........ -.. _ 

Dimensiom; /'-/'
1 

Sl:ilc..:k Ill:. ==:==:::-Sl:nck rrer;.s~J_:_j _____ ....... _ 

uist. Y 2 0 _ nw11slr:. llist:. )._f) llssumed llo.ist:ur:e:k~ 
ft:~T#J. orifice 11: j, f??CJ Meter cor:r:.:_t'I_:_?~-

R :.d$£#:!::.Bfflr:J.1'r:ohe II :_3_-f./;;__fo...t ___ .. __ cp: t2· 8':9-.-........ __ ·--··-· 

e U :.t2..·~Q#:.,..£ ____ l're \:cr.l: r. i 7.~ : __ S.!§:l~ _ _ll.fll.tJ_ffi.,k_ ________ . ...... . 

r: ___ Lf~ .. <t.---·--··-·- l'or:l:. l:<:!r:l: r<i7.n:.-~~-- II II I) 

II : _IA/_L_£_L. __ J?t/AJ ·# ._3 ·-··- ...... . 

_______ _!):g_!;_g_:;J. ________________ _ 

•.•... ~' .:..CI'"t1 E1 C!!i2.?J..6...J 11 . llq ..t-Z~~~o CfM @ .£...~ .. In. II• I 

v 1.11 • ror .1.5 ~CG. v Tn. for: l ~; r.~r:. -----·--- . ·------·---

PJ:a:ss. t--'""" J 11. r.or: 15 
,t..-

[11. (or: I ,. 
------ ::::ec. ------··- ... r.rr: . 

J ------- I II • (or: .1.;, ~l?:t:. (II. --·---- {OJ: 1!; r;t"r~. 

(ml) :d!:,OSJ.Gr:oss 

_.lien Gel (g) ~8:?'§ <~r·osr. .20_{)#'-·· 'l'"r·c 

GAS C0!1J'Of!)J,:!QI.!.1---:---- -----

A/It 

.S llet 

;LQ!_~ lie t: 

---------·-···------···-

, P;,ss l Pi'IS5 J 

~nnlysis type___Ll!A_._ __ _ 

llotes: -----· --------·---··-·----·----· 

I 

··- ... ~. 
W:1·~hinql"''· 11(: 



PARTI-CULATE FIELD DATA 

Source: ::Z:/1./LC. r 
~eazEE.....!::~Lb.~~~-- ·rest Dil te: 02- /f"-.f .2. Run U : 3 -

CLOCK 
TIME 

DGH 
REI\DI~G 
Vm((t ) 

----------------1\U~nl;,, Gr.oruin 

st Method: .L/._,.'2LBU---------

ITO'l' 
DOX 

'rEHl' 
(OF) 

IMP ST/I.CK 
'I'EHP 'l'EMP 
(OF) (OF) 

1\rlv~nr:erJ Sy51om~ T!lCimoiO!Jy, lnr.. 

SI\HI'T,F. 
1'RI\IN 

-------------- ------·-s-yr----·---··--···· --·· ·-·· ... ----------- . 



PARTICULATE FIELD DATA 

Source: T A//c;,J. 
...:.,..lq:..Gc..L.l<"""'----'=""--"'-L..I'-!.lo<.-'=-'-'-- 'l'e s t Da t e : .2 -/ 8'"-9 .2. n u n R : _..-l;?'---

CLOCK 
TIME 

OGM 
REliOI~G 
vm ( ft ) 

!r z.. orr b 

st Method: .£~...!..J.Lh.j).L-______ _ 

110'1' 
611 nox 
(in.) 'rEM!' 

1120 (°F) 

IMP STliCK 
T~M P 'l'fiMP 
( F) ( F) 

~-:-L,,-G-,oo-r-!Ji.·n---------A-rlvnncl3rJ S-ys-lc_m_s_T~Iu-,ol,;y-;1;;,:··--- ·-- --··--w~~;;;~~j;,~ .. -,-jr, ---r-rr--·----·---···---.. --·- -----··· ·---- ··-- · · -· ·· · ·· 

i ! . 

. ! 



PARTICULATE FIELD DATA 
: U5EP!t-E/fdBzc: bR~~ souece:..:z::;,;LET 

l·lumh~ 1: or Po.i lll:!':jports: _L2/,;-_______ , ___ _ 
'J'lme pe1: l'o.int:~.z:.t_!- No;.>.t 'l'otil.l. ::;;,mple 'l'Jme: /20...!2:1 '"&~------ __ Dimensions~~ _Stilck lit. r:;tack Press~,/_·······--·-. ulst. fif:d--D nwnslr. IJ.i.st-.._;2-.D J\ssumed ~foi,::l:ure:,g~ . en: lk5Y;t Ot•.ifice rr:Lfr9c2 Meter Con.·.:Q-_£_6:_s-n: 'J§r_#~-::_B/_1/:c)(. l'rol •e //: .3-f1 .:!!i. ____________ Cp: 6J' e~ .... ---·-- ·------• e /I:_.J2.:,J._~(}_ ______ l'rn l:c!':t r-.i7.1'!: __ ,54,£_/1_U.U #...£ ___________ . ____ _ 

to1.': J• ~------ Pnsl 1:<:!:;1: ~: i 7.~: _!.L_ 1/ II ~~----.. --............... - ... 
N : -==:::=::==::=::: GiJ..i.cu tt : I.IIIL~i.._ll..ti.# # ./f 

--~~t!JCJQ_CFH "' .. 11 ~tJS CI'M 
'!"1·., j_ n f! _ _L(J ___ ) 11 • II•J @ /~----~")-In. llr 1 

Pres::;. tf. _'i __ .rn. [OI." 15 5-:'!C:. .t.--'"'" Jn. ····--~-~- ·--- for l!; ~~,-~. 

Pr:css. 0. ln. [ell: 1.5 ~eG. ~ :rn. [OJ: 1 ,. 
r.~e .. -···-·--·-- -· J ---·---.I''· [rJI: 15 :-=:ee. In. _, ____ for l.!'i r: r:- r: • 

(m.l) ,..;!,tJb G1:oss _Q1LJ~11,t.·r·n~·n 
Gel (g.) ..J.~•·o!"s _,~l2Q.~ .. 'l'ill"r:> 

_____ (? Net 
"'JL/,1:"0~ Tnl· ,, I '1 u 1:" A rX..t.c .. u.. .... .. . -t¢:1.1-~sJd II e t 

If/A 
l'ilSI'i J 

ysJ:;: tyrm ______ _ 

_ ___________ .. __ _ 
. -·-·--- -------------------·-··--·····"- -- ---- .. -------- -------··· ·-------- ·-----...... _ 

f1f'!flt(li:l , 1\dv;mr.nrJ !iyr.lf'!l11~ lfY"JIIItllnqy, f11r: . .............. ................. .......... "'"""""""""1!".::"171""-- .................................... _ ....... . 



PARTICULATE FI"ELD DATA 

·~J;fj_~';;!.g-::ti_~~2.!S.J~~$ Source: L/1/ LET . 

L. i?~tRkE.R Test Date: 2-/Ht Run n: Sl' 
• 

~:.z._-...!......._;__:(.:,._ ___ Test Method =..,t./ .... Ju/9~------

CLOCK 
TIME 

AUanl~. Georgia 

DGM 
REI\DI~G 6P 
V111 (ft ) (in.) 

H2o 

I 
6 II BOX 
(in.) TEMP 
H2o (°F) 

IMP STI\CK 
T~MP T~MP 
( F) ( F) 

Advanced Syslems Technology, Inc. 

B-15 

51\MPLE 
TRI\IN 

Washinglnn, [)I 



PARTICULATE FIELD DATA 

Source: / &/ef ...:>.l;~~=--~""--L-..;....;~'-""~ Test Date :..2-/7-9 Z Run # : 'f/ "--__.\o<'------Jo_:_fl.. ___ • est Method: .L./....:3::::...!:)3""'---------

CLOCK 
TIME 

AUanr~. Georgia 

DGM 
READI~G 
Vm(ft ) 

BOX IMP STACK 
T~MP THMP T~MP ( F) ( F) ( F) 

Adv~nced Syslems Technology, Inc. 
B-16 

SAMPI,E 
TRAIN 

W.1Shinglon, rJG 



PARTICULATE FIELD DATA 
)}SEP/I-E!ce-f&c-6RzyOJ.!CG r.ourr;e: LJLJLEf 

111 II :_5_ ___________ llilr.o. Pre~~- : .. B.LJ..~j_t_ 
. Hctho!l: __l_3_l3 _______ 1·1llm1Jcr o[ Po.i.nl:s/pot·b; :_/~/_.;!:-_______ ............. . 
.e '!'.lme per: l'o.i nt:: _j_(J-1.J.:I:tJ.J. l·lt;>.t Tot".il r ::;;,mpl.e 'l.'.i.me: ;;;;. O . .L!!...:;:;&!._ ______ --

D.i.mensions_ I L/" ::; lilck Ill· .. : -- r.;tilck rr:ess .2~_( ________ -
. IJ.lst. £':.1. D IJwn~Lr:. ll.ist: .. 2 0 1\ssumed tlo.i.:::l:urP-;1~-
e 8: lfs£V- OtiC i.ce II:/, ~7tJ Meter Con:. :_tQ~..W£ 

ff :/t9f..tk2:~.BJ..Il.r:l. l'l:ol•"l tt :"J.fl_if_k ________ q-.:_~f{_7!_ _____________ _ 
e n:_~·.d2,.£0 _________ 1'1·c test si"?.c: ___ S.ee /?l.l.A/__ #~----·· ______ _ 

~ -~------- l'os t tar; t ~; i "?.C: _(!_ _____ ___!___!___!!_ _ _!_! __ . _ , :.I'tJL/p__i __ &Al # s -·--- __ · __ -- __ -_:_·_·_~ II=----======:=::=:::: 5iJ..i.Gfl 

-5-~..s. ___ .r.n. rnr .1.5 r; r:'!(; . 

Pr~es:::. 5-5 ln. [ol." 15 ~ec.:. 

__________ _-r n • r o 1: .1. 5 s c e . 

(1nl) d--CJ~,..J Geosr; -~(J._.~,:r·nrc 
(CJ) d-J.__f_._j) GI"OSS. ~{)? 'l'ili"C 

t:yre __ . ____ _ 

___ Po_~.l:-.... ~cr. t __ .. 

tJ.!t2fJ~ci'M €! _f_'&/?_rn. ll<r 

·····-----~Jn. [or: l~ ::;r><:. 

.1---t ----------· n. 

===-rn. [oJ: .1~ s<!c. 

_0 __ rret 

_LZtJft uet 

--------·····---------· --
rns::: J 

llotes: ------ ------------------------------------
·--------------------• 

. .. 
W:'l··.hinqlnn, nr. 

'' :! 

\ 

, I 
i i 



PARTICULATE FI"ELD DATA 

:~..:=,!....£..!.-=:=;::.J.....~.=..____,~=o.<::....:::- Source: ..I"/11/E.f-

[ P&RkEJ? Test Date:).-//-92-nun #: S 
:..,.1.1;.~~-_!...:...!L-----·r·esJ: Method :...!./_,_3..LA.8.t.-____ _ 

CLOCK 
TIME 

AUanla, Georgin 

DGM 
REl\DI~G 
Vrn(ft ) 

!lOT 
6 P 611 BOX IMP STACK 

(in.) (in.) T~MP T~MP TtlMP 
11 20 n2o ( F) ( F) ( F) 

Advanced Syslems Technology, Inc. 

B-18 

Sl\MPLE 
TRl\IN 

Wnsl1inglon, DC 



PARTICULATE FIELD DATA 

Source: ~AV~~z­
U!.::U.::.a:.~....L=:!......~.L.!..::.L.J.::=.__ Test Date : J _, z-7!. Run H : Is: 

DGM 
READI~G 
Vm(ft ) 

6P 
(in.) 
1120 

61! 
(in.) 
1120 

Method: /38 

STACK 
TEMPI THMP 

( F) 

Advanced Syslems Technology, Inc. 
B-19 

IN OUT 
(OF) (OF) 

Sl\MPLE 
TRAIN 

Wnshinglnn, 11C 



PARTICULATE FIELD DATA 
: lJS£PA-£/t:ch:rr: bAzN[J1JP6 sou t:ce: Z111/e I 

Ill II : ___ 6_ _______ Oilr.o. rt·e~~. : __ __3t2...:lf 
thad :_l_B_ i??. l·lumbel: of Po.i nl:sjports :_f#-4_ __ .... _ .. ___ _ 
'l'ime pe1: l'oi.nl::~.l.@ Net 'l'ol'.ill. f,;Jmpl.e 'l'.ime:~O/YJ..IAd..:.._. ____ .... . !li J/ nlmenslons LL. Stack lit. stack rress- :2..:.IJ ............. _ 

. !Jist. <6:-2 lJ nwnsU:. I.J.i.sl: .. 2..-D llssumetl Hoi.~l:un.,:_...Z'1 
e ff: /tST#;l odrice 11:£:.~ Meter Con·. :_&.~..f.Y..S 

nox B :dE.L-#2::diL/tr.k"1:ohe H :_3.E/::__jj=-.....:k ___ .. ____ cp: 0· il..:i ....... ___ ...... 
B:f2_:..2:_S"'tJ _____ l'n~ l:e:;t r-.i7.~: __ SE.£ ~ ...... . 

ctor:~ .r:._ ______ r•m:t t:e:;l: :::i 7.e:_!._!__ II •I 'I............ .. _ 

U: r.H.i.ca 11:~/.£:/:_tftiAJ # b ............... .. 
~;·~..:..! !.I;·~,_J~~!__ ___________ L.'·· y __ !,.•c,;.;>'~--------............ --"--------!..1?_S_l~-.. ~ (! ~: L 

~~;2.. _CI'fl £1 _L~ ___ ]Il. II'J 
v-

rot· Prer;s. ------.r:n. 

Prf2:;;:;. t-- J.n. [OI.' -----J - 'I II • [nr. ······--·-·--· 

( ml) . ,;1./ {) G ros::: 

Gel (']) at/r~GI'or-;:; 

hnil.lys.is type _______ _ 

lloler-:: 

15 !;r:'!t:~ 

15 :;er_:. 

l!", ~0.{~. 

f).~ 'l'il I.'C! 

c1:._ot)-? 'J';l I'~ 

j!J.;:2q_0 CfM E'1 --~~?'!_ .. I". "'' 

-----~ Jn. [ol: 1 •; 

~ _________ ln. (or 1 !j 

.... - ·------- [ 11 • (or I~ ~r"r:. 

..... /~ llel: 1 t(; .{J 
H-:-·,6a ~ · ~-~ 4""' .,, ../-0~ llet tT 

l\V~J:;'llfr'! 

------------------------------• 

--·--·-···---· ····-·----·-· ···-········· --· ---- --···--· -· -- ·---------·Jr-to-···--·--·- ··-·-···-··-·· · ·····---------····---···-· · 



PARTICULATE FIELD DATA 

S Oll rce : . ...;z;;t'6.../:; C . 
4:,.UUJ.Lu,....;-'--o=.;.,<....LLl>.Ll.!=.L>o~- 'l'est IJ<~te:.:l·-/5-7.2 Run U :_,G6~­

~:!.-:------!~-"------'l'est Method: ..!../,...!.3.:....8~------

CLOCK 
TIME 

DGM 
REI\IH~G 
Vm(ft ) 

6P 
(in.) 
11?.0 

--------------------

IIO'l' 
611 nox 
(in.) 'ri::MP 

1120 ( 0 r) 

IMP S'l'/\CK 
'J'EMP 'l'EMP 
(Or) (OF) 

SMII'l ,r:; 
Tf!l\ I II 

1\Unnln, Gcoruia 1\clvancP.d System~ Technology. Inc. W;O'hir~rtnn. llr. -------:---11-Z-l-------·-·---··---·--·--·--··- - ·- ·--··· ... --- .... 



PARTICULATE FIELD DATA 

Source: _:L/PI.E( 

l....t!I!::..!::!:lL-=-_:_!..!.L~&.....~.~~ ·~es l:. Date: ..1-/7-ft nun ft : -~=-­

DGM 
REI\DI~G 
Vrn(ft ) 

Method: /8B 

no·r 
DOX 

'rfiMP 
( F) 

IMP STI\CK 
'l'EMP 'l'fiMP 
(°F) ( F) 

SliMP! ,f. 
TRIIIN 

3 

3 

.3 

"--1·-1---·l-----1---l---l---l--1---l--1--l----

• 

Adilnln. Gcorgin lldv:mc<Jd Syslom~ TcclonniOIJY, Inc. W:t•hir~llnn,llr. 

-----·--B.....Z2""·------------................ ---··- _ ............. -·--- --· 



PARTICULATE FIELD DATA 

:jL&&.Ln...::.....l.d!:.ddLI.kJ.-....:"L:)C.k'-~l!fdVl:> sout·ce: _jJ_(Iztef ........ _ .. __ _ 
a...~~--_J__L!~!JZ'::.-.Ilun II : __ f/;..f __________ IJnr.o. Pre!':.<:. : __ 3__?.!_:{$.. 

ocl: /'3_8 _________ Ntunht:'t" or Po.inl:!':/pot:ls:.2~A-------····-··--·-
.ime per l'o.i.nt: S/11}111. tlel: ToUtl l_;nmple Time: /2-.0_L!_'l__j:j/._ ________ _ _ 

mensions/7-u%..2?· ~Sl:;u;k II t. _ Hnck Prer;s __ _& • ~_7?1 _________ _ 

lst. 2· Z.2_D nwnsl:t:. llisl:..1J2 1\ssUtnratl tloi.~l:ureti.L2/ 

fi :flSZ::#3 odr.i.ce ll:.fi 9LfJ Mel:er con:. :_(}_~..!Zl 

H :d£r#.:J:illt!k l't:nllP. II: _ _;J_i,._':.:.~_.2 _____ cp: 6J, S':'S( ________ ··---- __ 

. B: _{2~J.SIJ # ~­

-----'Q;'"'" 0 ----·-

'J'nd.n d;:AtJo _CI':I•I fl _L6 ____ _Jn. llrJ 

_3__:_[_r.n. rot: 1.5 ~0-c:. 

l't:css. __ _2 ~cS"::"_.rn. fen· .1. 5 ~ec. 

) ______ ln. (nr. .l.!'i sec. 

{ml) ~/t::J Gt:oss ~l?. 'l'(ll·c 

(g) ..;{ft:?~~~ G 1·oss ..:2_c'JC2_f 'l';n·c 

ysls type_~~---

____ t,'o~_!:. __ l:_q~_l:_ _____ _ 

__ /·-':'!'"=._cvM @ --~ . .?'_Itt. llq 

~ _____________ Ttt. fot: l.!i s""· 

_____ ~ ln. [ot: l!; =-'"<:. 

==~[II. for J!"i '"'"'·=· 

--------··· ---- ..... ·-····· 

/!J llel: 
--~~~--- _ ).ti~Y~ "l'ol "I 

/_(£._._'/ Sj- II n l: o 

i'iiSS J 

··--.. -- .. --------·---------··----·· .. ···- --·-····-- ··-----·-. ------- .. -----------·-··· ... ·-·- .. . ... 

nmrni;-1 1\dv:mr.nfl f,yr.tnm!i 'lr.r.lutnlnqy, lm-:. W:1·~hinqlr\11. I l(': 
. ·-· .. -·-· .....•. _. .. -. ··-··· ··-··-·-------·----·· .. _ ........................ --·-----····-· ---·- -·· .. 

B-23 

.']' 



ARTICULATE FIELD DATA 

r1 ",/t~ Source: ovll ~~ 

)7/:, ,· •res t nate: '2._-1'4 nun II : ) 

Jf st Method: 

DGM llO'l' 

REl\DI~G 6P 6II llOX SliM I' I,!'; 

vm ( ft ) (in.) (in. ) TEMP I%: IN 
n2o n2o (OF) ~ CV-IIf't 

2-0 

I <) 

...... 

- I. ,) - -'·'~---
- Lj 9 I . ,, 

--
.d 

I 
], "3/,;;- _l_ ___ 

-:<n.3 ,,Jr - l 

' ,I 

5-o 
I -

-- ------------------------------------·-········-·······- ------
Aunr,L,, Goor!Jin 1\dvnncllrl Sy5lorn~ Tcdmnlony. lnr.. W;"hin{llnn. nr. 

··------------------------:e:-=2.4 _________ --------------------------- . ··-- .. --···· 



ARTICULATE FIELD DATA 

OGM 
RETIDI~G 
Vm(ft ) 

6P 
(.in.) 
1120 

Source: .':::::0...:.~-'..:...j..:.../,:...t'..:...f ____ _ 

~-I 8 nun H: ____:__:_~- _____: __ 
Method: /] $ 

110'1' 
nox 

D 

ou·r 
(OF) ., 

SliM I'! ,r:; 
'l'Rli.IN 

0'1,-1·---l·----l---l---l---1·--1·----l---l---l--·--· 



PARTICULATE FIELD DATA 
:{Ll:s.IJ...LLL-...k:lr.,g._,.Ll~;....::::~!!'..'!::. .r1

':f: .. -!.~'< ~ 5 au rr::e : .&/Zl£ f _________ ....... _ .. .. _ 
Ill II :_iF__;. ___________ llil r:o. Pt:~~r:. : ___ ;;_tJ__~ _ _(__(_ 

___ l·hunh('t_• (l r l'o.i ntr;jports: .l_f/~----·-···-. ··-·-·-· 
per: l'o.i.nt:_5m.rAI. llet 'l'ol.:<ll :.;;:unpl.e 'l'.ime: /:2.0 ./!1..:£# . .... __ 
_ i_ons~5t<tt:k Ill.:._ r;t:ilck rress .. &!..47.:::' _ 

_j_:;t • ..J• 7'7 0~ IJwm;l;r:. 1Ji1<l:. .... (D 1\ssmnetl 11Di.~l:urr>:4J~-~~ 
g:./.IQI..-#3 Ot:.if.i.ce II: _________ HeteJ: Con.·. :_f1}~_9_'Z_?_ 
n ~.:#:.~ Bjp~- l'rolle II : . .36:.~ .. 1t'~·-···--·-cp:_Lf2..:_&:'_<t__ . 

u:c>~..o...-tt~.---· Pre l:e~t ~i7.n: __ ::?~E Ht.t/0 #..t. ....... . 
··.··~.·: __ fu __ C? ________ l'oc-1: l:er;l: r:r u-..: .... -~! _________ II ' 1 

I{ ==========- r:i.J..ir;n II :-.C2_t/__L_?Ef Rt!AI #;l __ ..... .... __ . -· . 
. l~;i._ _______________ !:.r.:g_l,;.q_~iJ. ________ -···-------·--·----·!'oE.J.:. .. t:c,;L_. 

---~ ~f2L __ c v~:~ fl __ z ____ ..r ••. ----~2_ __ 1. 11 • fnr.- .1.~ 

_ _i.tJ __ ln. ro r: 1 ,. 
. :J 

.I II • fnr .1.!; --··------

'iii!.!tq c r: ( 111 I ) ;).,/ t:J r.: nm r< 

Gc.l. (<I) ~L4:&;J_ Gro:;r: 

'l:CO ;), 

~P.C. 

~ee . 

:::ec:. 

II•J .... c2!.t)/ Cf'H e __ 5_ 
~ .rn. (or 1!1 . . ·---- ··- ··----
,t--

·1n • (or I !; ·····-·-··-··-

( 11 • f. OJ: .I ~; 

--------·-·-··------·---------· 

I II . 

!':,., t ~ • 

r;r~(:. 

~~l"f~. 

"" 

--.-----·-----·-·-------·-·----··-----·------------···-·---··-··- ... --- .. • 

... _____ ..................... ···-· .......... ····---·-------·-·--······ ·-· -- ................ _ .. ·--·---· ---·- --- .. B-26 



RTICULATE FIELD DATA 

Source: ---"'cJ-"'v-'-·f..:..:/(=-.J. ___ _ 

Lf. ) 

DGM HOT 

REl\Dl~G 6P 611 BOX 
Sl\MPLE 

Vm( ft ) (in.) (in. ) TEMP 
TRl\IN 

1120 H2o ( F) 
~ 

. .<I --
• () u 

,5 

Advanced Syslems Technology, Inc. W."L<hi"!Jinn. nc 

B-27 



ARTICULATE FIElD DATA 

source: _ ___:D:...;v:....f--:__1 .,_J-____ _ 

__.:..LL.!:.::.!.-.J.IJ~i:..:.n.J..i _____ Test Date:_:l..:....~...:.J...:::~-"'-Run H :_?.. __ 

U;.!...!::..~-----=:2::....:...-L:=>---Test Method: _1"-".J~JJ~-------

DGM 
RE/I.DI~G 
vm ( ft ) 

IIOT 
BOX 

T~MP 
( F) 

IMP ST/I.CK 
T~MP T~MP 
( F) ( F) 

'-( 

SAMPLE 
TRAIN 

~~~nla, Georgia Advanced Syslems Technology, Inc. Wnshinglon, DC 

~--------------~--------~-------------------B-28 

1: 



PARTICULATE FIELD DATA 

';!W.}.bd-I'J....::_f::d.E.==:.L!.bb-~"'-.k::::t.l,k,PJI..~"<:> Gotn:ce: {lti7ZEi: 
II : ____ ~3 _____________ nnr.o. Pn~r.r.. :3!2.:./.f{ 

l·hunb~t: of Po.int!;fpoi:ts:.2_U«t ---····-··--- __ 

me per Po.i.nt:~1IAI l·let 'l'ot<~l r;;:~mpl.e 'l'.ime:_loZ tJ _ ---------- .. 

nslons/7£423•1)_St<tc:k llt. St<tck rrer.s_ (). GJ ZC! __ _ 

. S• 77 D nwnstr. IJ.i.st.~ 0 Msumetl lloi.r.tu~:e:Q!..('/ 
U:/lsS.U3 Ot:.if.i.ce ll:-&!:L..7-Meter: COtT.: tf. 979 
u :d£Z".C..-Bltte l'rohe " : _;)£~_te_ :Z ___ cr: ·a · f?.._'(_ _____ . ·-·--·--
:_112_:~tJ ·#..:.;l_ Pre r:m;t s i ;.~: __ Se,£ &tiV___iE_t. ________________ -·-

·0.7 Po:;t l:c~t ~-;i?.c: J I fl /1 1/ 

t.P_, tJ s=-_cnt fl _/_t2. __ Jn. Wl 

~ 1.11 • [nt: .l.!i r.:cc. ------ ····----~ _J n. [ot: .1. !i "'"" . 

l' t·at=is. 
v-- ln. [ot: .1.5 :;ec. ~I 

-------· .11. Cor l!j r.,.,c:. 

J ln. [ r:11: ]_!j r;ec. ------

(111J ) ;1.(/(;J.zn/, Gt:oss _..ek2~'1'm·e 

Gel (~J) ek2~:~~Gt·o:;s /),CJt:J-J- '1'<11"(! 

__ .[11, [OJ." .l!"i :"'(!C. 

_ ___9_ Net 

_f_-~0~ uet 

·.:1 



ARTICULATE FIELD DATA 
I 

I' 

3 Run#: __ _ Test Date: 2.-/'i 
~~~~--~------

!.!2-_..::.-..&:..-------· st Method: --!.../...::3:...!!13:::::.__ _____ _ 

DGM · IIOT 
REliDI~G 6P 611 BOX IMP STliCK SliMPLE 
vm ( ft ) (in. ) (in.) T~MP T~MP T~MP co~l OHT TRliiN 

1120 Jl20 ( F) ( F) ~F) ( F) 
et 

- 71. '2. 
d 

Advanced Syslems Technology, Inc. WilShinglrm. DC 

B-30 



RTICULATE FIELD DATA 

DGM 
REI\DI~G 
Vm(ft ) 

!lOT 
BOX 

T~MP 
( F) 

IMP STI\CK 
TEMP T~MP 
( F) ( F) 

Advanced Syslems Technology, Inc. 

B-31 

51\MPf,E 
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ARTICULATE FIELD DA I A 

source:.i21/TLE-f. __________ ,_ 

11 II: ..... !/.... ______ · ___ nilr.o. l'l"l:!~1". =.J...Ll.:Lr 
__ Humh!'J: 0 r Po.i ntr,jports:;;.. o/.L-:1 -····-·--···-·­

per l'o.int:Sm.:r:tr. Net 'l'ol:;:~l Gmnpl.e 'l'.i.me: /;?tJ /l1..Z:/.J!.. -···-- __ 

nsiom;flr$"){$/l.t;"st;:~ck lit. Stilck rress.....t2_: 0/0_._ 

·_. __ st.3·'7rJD nwnstr. D.i.sl:.,.bL2 1\ssumed ~lo.i.~ture:.~.~/ 

:.d_5T#3 odr.i.ce II: f, CJ.t/'7 Meter Coer:. :_f2~rt.z2 

:%J.£.8.::Bi(l~ P•:ohe n:_3~~. ____ cr: LJ. <('L_. __ ·-···-·-· 

:ll_.S_tL:-:/!::.2. __ Pr·e test s i 7.e: ___ 5._~__g___Ll(////·~-------····--·-·· _ 

~~-~---- l'ost tc:;t ~.:i7.c:_J_I 11 11 II----- .. -- .. ·-·-···-_ 

-========:._ S.i.J.i.Gil fl :-0.LL.L".L.£.f l?t!/11 # ~----- .. 

{2,C'Ot> cn1 E! _L_:L __ J 11 • lly 

_5_ In. [OJ: .1.5 sec. 

0 ln. [or: 15 r:ec:. 

ln. [or 15 r:;ec;. 

(ml) ~t).$""" Gt:oss .;1?to~...£. 'l'<n·a 

~~?Gnms c2._QL)t_ 'J';:~r·e 

.i.s type__!}[A:..L..--
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. -····· '. -.... ··-

~~SCFM @ _ .. 0_ ... I 11 • llq 

;.....--_ .. ______ In. for l~ ~~G. 

I/' 111. for: 15 r.;f'l!f:. ------
- ln. for: l!i !'":~e. 

S tlet 
. / J. J 0's.- 'J'n I il 1 

-~~~ tiel: ------·-0 · 



ARTICULATE FIElD DATA 

DGM 
RE11.DI~G 
Vm(ft ) 

IIOT 

6 P 6n BOX 

(in.) (in.) T~MP 
11 20 1120 ( F) 

-
.7/ -

.ot? '35 
.o·i -

-
-

38 
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ARTICULATE FIELD DATA 

Y;;/!EJ~~::QB};;_!!QI"JPG r.;ource: J2tlTl£f 

4;4-L---J.~....:..J"--~~---'"'n II: __ 5. __________ O;u:o. Pt:~~". :.£3./2_~/r 

____ ,Numh~t: t1 [ Po.i nl:[;/pot·tt; :~jq ·--·------·­

per l'o.i.nt:~..V-~ Net 'l'ol:o:1l. :::nmpl.e 'l'.ime:.MQ_/17.J;_~---·--·--

nslons/7SA;;{~7.S~r.tm:k lit. [;tack rress_~·~_.Z.cQ __ _ 

t.,-3• 77 D nwnsLr. I.J.i!;l:. {; lJ 1\ssumed ~lo.i.sl:ure:_~~-~-~ 

:/f!iT #3 or.irlce II: Meter Cot"J.". :_t:!l~_ff/2_9 

A$.71E.S.-8/t1~- l't:ohc ft:_36._~ #;:~ ___ Cp: f2• f{L/ ______ .. ______ _ 

: tT·.:JS~.ff;2... _ l't·c test si;:e: __ 2i.EE" /?L(t/L:#~---·-·-··-·-···· 
·. . 7 
~- ---- Post test s.i ;:e:_!_/ _______ ,_, __ 1_1_ 1_) 

SlJ..ic;:~ ft:_o_/IL._~E.T K4'.1tl #:;,5 ______ .. 

.. ----··- .. 

(). ~&cn1 e lt2 ] 11. li<J t:P1.~(JtJ CI'M E! d, 
--------·-··· -111. llq 

_!I__ 
: 
~ 

In. (ot: .1.5 see. Jn. .COl: l !j ~,r_~. 

···---- ·-···---

P1:e:s~. ~-5 ln. rot: 15 r.:ee. Jt-- ln. (CJI: 1 ,. r;~c. 

- ---·---·- ·-' 

- ln. (OI." .1.5 S€!t; • tn. (or ]!) i-r:!C. 

----

( tnJ ) .c9. 0 S"' G t:osr: ,5" Net. ''e #/ 
~ ,,.! ~~l'nlnl 

type 

;la~~;ross 

'l;CO :! 

---------·--------·----

___()~ /llet -· 'j 

--------· ·-------

. ·····- --···-------·-·--·----"-··· .....•. -···-·------···· ----·-··-···---~- ----·-··········· 
Aclv:mr.r.d 5y!>1nrnr. lnr.lmni~JY. lnr.. W:1·~hinqlr111, I lC 
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B-35 



RTICULATE FIELD DATA 

frv)JJ~ 4"r,.;J~ource: Ov' He+ 
~~~~~~

~~~~ 

:.;....=w.:...~~;...:,.:_ ____ Test Date: :l..- l'f Run #:__::5:::___ 

'uu 
' 

DGM · 
READI~G 6P 
V m ( ft ) (in • ) 

H2o 

6H BOX 

(in.) T~MP 
H2o ( F) 

-
-
-

,51... --

-

' )0 -
.s6 --

Advanced Systems Technology, Inc. 
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SAMPLE 
TRAIN 

·:zs 
,5 

Washinglon, DC 



Source :_CJ~v..:...f_J:;...t'_J-_____ _ 

DGM 
HOT 

READI~G 
6P 6H BOX IMP STACK SAMPLE 

Vm(ft ) (in.) (in.) T~MP T~MP T~MP 
TRAIN 

H2o H20 ( F) ( F) ( F) 

- '1~ " J 
9t 76"" 3 

- 97 .s 

,s& - '1/; 

Advanced Systems Technology, Inc. 
Washlnglon, DG 
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PARTICULATE FIELD DATA 

Source: t!)t1J2£f 
•n rr: ___ l!; ___________ nnr~o. Pre!;!;.:_3._c!)__:_/_~ 

JOel: l·ltllllh~l: or l.'o.inl:sjports:£f-'f.. _______________ _ 

•rime per. Po.i.nt:,SmJ:V. Net 'l'ol:ill f.ilmpl.e 'l'.i.me: /.20./>1_.];/J!: __ .... 
mens.i.ons/'frSX;?.i].7.{;. l:<~r:;k 111-.. st<~ck rress_t2..~a.f_ _______ _ 

.;].'/'7 0 nwn:;Lr. IJ.ist.-' 0 Assumed Hoi.sl:urP.:6'..-=.4'/ 

u:_itSr#_3 odri.ce rr:J,'lf7 Metercorr.:...t!d_72 

H : 1tSI_#.3::8LtJ.£ P•:ohe H : ~.(._:~_::t!:___2:: ______ cp: ~g_~--- ___________ . 
§:_~~t).....:it::._,:l. _ l'n:! tCGl: si.7.e: __ $_£E RttAJ#!.. ------------·--

LJ•.7 Post test s.i7.e: /1 II II ,, _....:..:_ ___ _ 
a:--=======-- s.i.J..tea 11 = _t}_fLa !=.-:/::. /??W -tt-6 ________ _ _ 

'J't~r~.i.n 

Prass. 

J 

(ml ) 

(CJ) 

t2.0~CI'fl E! _L,3 ___ Jn. fi'J 

v- ln. for 

~ ln. foe - ., 11 • (OJ~ ------

.;l<::!? s- Gross 

J./J.Z2/) Gl'oss 

i1JA • 

/VA . 

15 !;~C. 

15 r::ee .. 

l!'i r.;ec. 

.;2..0~,.,l"l'il re 

;2. t!JO_~ .,." n:! 

Puss 1 

~:.t ___ ~ ... ··-· ···-· 

~_k?~~CI'M E1 ___ _b __ __ 111. "'-' 
___ _!:-- I 11 • Cm: 1!3 r,~r-~. 

~ .1.11. COJ: 15 ::;~;~c:. 

In. for 15 ~cr.~. 

Pnss 2 r<~s:; J 

-···- ... --·-·-----··--·---··-··--·····-·- -----··-----·-·------·-···---------·· ··-··· 
A(lv:utr.r.rf 5y!'Otnrm; lrv:.lu1nlr~ry. lr1r;. 
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RTICULATE FIELD DATA, 

ource: 0 vJ-/,-1-

Test Oa te: J. -I 'i - 7 'l.. Run # : 

Method: LJ/f 
I<-= 

HOT 

6P 61! BOX IMP STJ\.CK 

(in.) (in.) T~MP T~MP T~MP (li~) OHT 
H20 1120 ( F) ( F) ( F) ( F) 

__.. (;lf C?o 

-

Advanced System~ Technology, Inc. 
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ARTICULATE FIELD DATA 

Source: 
(}~;fief 

/Jio; 'l'cst Date: 1.- /fJ7~nun ": 
3:S'7 st Method: {513 

l=t"niJ J.. 
-::. lj. J 

DGM 110'1' 

REl\IH~G 6P 611 DOX IMP S'l'l\CK 

vmcrt 1 (in.) (in.) 'fEMP 'l'ijMP 'l'ijMP (1i~) OH'l' 
1120 1120 (OF) ( F) ( F) ( F) 

5'~1 ':l. 1S"b - $~ 1 

, I I ;.::r} - st 

,/3 -
..._ f'O 

1\(lv:mct;!d Sys,om:; Tr.clmology. lru-; . 

. _ _:;_ ______ . _____ B=4a· ---·------·-···-···---·-··-----.. ---

~ 

Sl\Mt'I.E 
TRl\llt 

] 

'l.o 

3 
:{,S" 

.! 
~--.!'' . ' 
ll 
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CHAIN OF CUSTODY 

Team Leader: 

SAijPLES COLLECTED 

DESCRIPTION 

Sc!.:lb~e 4kfu 

Box Damaged? _________ containers Open? __ ~---

Levels Marked? 
Liquid Levels Changed? __ _ 

Person Receiving Sample: ___________ __ 

------------------------- Date: _____ __ 

Storage Location: _________________________ ___ 

Cbe0=r? flit 

• 

D - 6 

AUanla, Georgia 
Advanced Systems Technology, Inc. 

Washington, DC I 

I 

I 

I 



APPENDIX "D" 

LABORATORY ANALYSIS REPORTS 

AND 

CHAIN OF CUSTODY 

D -1 
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sincerely, 
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Samples (P.O. Nn. ~005-0 11-01) 
Systems Technology : 

) ' . 
· ·. s : lC/PCR for Cr(Vl}: ICP c~nd GfAtl for Tot a I Cr 

: 2-24-97. 
Revised 10-27-92 

Vol. (ml) 

Total To till raken Total To ta 1 

Volume Cr(VI) Cr(VI) for Cr Cr 

ml ug/ml ug Digestion ug/ml ug 

------ ------ ------ --------- -------· ------
200 

•I, too'. 0.00480 0.480 :1< 

190 
. 100 0.00890 o.M6 • 

775 
zoo 0.0253 4.90 * 

700 
?.00 0.0290 5.08 * 

845 
50 !1.39 4555 

900 
50 5.94 5346 

500 
!lO 6.69 3345 

450 
50 !J.!I2 2484 

825 
?00 0 .632. 130 

725 
200 0.572 104 

700 
200 0.633 111 

775 0.0792 61.4 50 0.103 79.8 "* 

860 0.108 92.9 !10 0.115 98.9 • 

900 0.0818 73.6 50 0.0962 86.6 • 

700 0.0156 10.9 200 0.0816 14.3 • 

775 0,0121 9.38 7.00 0. 0611 11.8 • 

850 0.0112 9.!>7. 7.00 0.0422 8.97 * 

Run 1 
2.00 4.01 

2 
2.00 4.96 

Run 3 
2.00 5.30 

· Run 4 
2.00 I. 98 

Run 5 
2.00 1.84 

Run 6 
2.00 2.05 

l.OO** 5.2fl 
1.00'. 4.70 
I .00"" 4.80 
1.00 ... 4.68 
t.oou 3.80 
l.OO*• 4.66 

0.0015 0.006 1 ICI') 
o.ooz (r.rM) 

were obtained from GF/~ 

was diluted 50 limes with deionized waler· before 1 ml of 

aliquot was taken for dlgest1on. 

Blk, Inlet and Outlet Samples : 

U!J = (Tota 1 Cr, u{llml • 011 utcd Vo 1 . (50. 00 ml) I Vo 1. (ml) 

Taken for Digestion) • Total Volume, ml 

Water Samp 1 es : 

otal Cr, ug/ml • Total Cr, ug/ml • Diluted \'ol. (50.00 ml) I 

Vol. (ml) Taken for Digestion 

ug/ml • Total Cr, ug/ml • Diluted Vl)l. (50.00 ml) • 50 

Origin.1l 
Total 

Cr 
ug/ml 

-------

100 
124 
133 

49.5 
46.0 
51.3 

1.32Et04 
1.18F.+04 
1.20(+04 
I. I 7F. ~04 
9.50(103 
1.17E+04 

D - 3 



inger Samples techno logy (P. 0. tlo. : 4005-0 tl-0 1) 

: IC/l'CR· for Cr(V!); lCP ,u;d GfM for Tot.ll Cr 

. z-Z4-9Z 
; Revised 10-?.1-qZ 

1\hrat ion Chec:k SamiJlC 

1ot. Cr Tot. r.r 
un/ml ug/ml. 

Keasured ~xpectcd --- ...... . --------
1.98 
1.99 

o.ozor• 
0.0204" 

?..Oll 
z.oo 

0.0186 
0.01116 

lts of Blan!c and Our•Hcate Ma\ysls 

Tol. Cr Tot. Cr lnl. r.r 

ug/mL · ug/ml '1. 

Measured txpccted Recovery 

-------- -------- --··-----
0 ,01190* 
0.0332* 

1 4.12 
z 4.96 

0.0460* 0.0522 88.1 

0.05:10" 0.0522 10::1 

were obtained from GfM 

--
D - 4 
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709517 
2 

Ampere-Hour Calculations 

Test Run No. 1 
Tank No. 8 

18 1992 

Time 

Outlet Inlet 

10 
15 

5 

0 

6 
4 

15 

0 

10:17 
10:30 10 

10:45 15 

10:47 

27 

10:52 5 

11:00 8 

11:15 15 

11:22 

120 

Outlet 

10 
15 

5 

30 

4 
15 

6 

13 
15 

2 

8 
15 

120 

Current, 
amperes 

4,500 
4,600 
4 600 

4,800 
4,800 
4,800 

4,900 
4,900 
4 

4,900 
4,900 
4,950 

000 

Inlet 

750 
1,150 

2 

480 
320 

1,200 

OUtlet 

320 
1,200 

480 

653 
1,238 

0~~:~;~r:cu~;rrent
 (ampere-hours) is calculated by: (l) multiplying the current 

0 by the actual time of testing {hours) at that particular current ,. 

(2) totaling the ampere-hour values for each time interval of the entire 

run. The total ampere·hours calculated will not equal the ampere-hours 

,,,.~om the ampere-hour meter due to the differences between the sampling time 

the actual time required to complete the test. The sampling time and 

time required to perform the test are different due to down time for 

port changes and other process interruptions . 

. ~ -.- .. -, 

• E 3 



Total 

Ampere-Hour Calculations 

Test Run No. 2 

18 1992 

26 

4 
13 
15 

2 

34 

120 

Tank No. 8 

5 
15 
10 

l7 

Current, 
amperes 

4,800 
4 900 

5,000 
5,000 
5,000 
5 000 

5,200 
5 

5,100 
5,200 
5 300 

Inlet 

320 
1,225 

340 
1,127 
1,325 

Outlet 

640 
1,225 

417 
1,250 

1,127 
1,325 

current (ampere-hours) is calculated by: (l) multiplying 

current (amperes) by the ac.tual time of testing (hours) at 

particular current and (2) totaling the ampere-hour values 

each time interval of the entire test run. The total 

npe!re-hours calculated will not equal the ampere-hours from the 

\~~ere-hou
r meter due to the differences between the sampling 

and the actual time required to complete the test. The 

;011an~lin,~ 
time and the time required to perform the test are 

due to down time for port changes and other process 

.interr111Pt:lons 

•%;_ 
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• 

Total 

Ampere-hour Calculations 

Test Run No. 3 

18 1992 

2 
12 
16 

30 

Tank No. 8 

30 

12 
l 

7 
15 

Current, 
amperes 

5,150 
5 150 

5,100 
5,).00 

5,150 
5,150 
5,200 

Inlet 

2 527 

172 
1, .. 030 
1 

258 
601 

1,300 

10,200 

Outlet 

2 527 

1 030 

&5o 
1,275 

10 200 

current (ampere-hours) is calculated by: (ll multiplying the current 

~•ex~es) by the actual time of testing (hours) at that particular current 

(2) totaling the ampere-hour values for each time interval of the entire 

run. The total ampere-hours calculated will not equal the ampere-hours 

the ampere-hour meter due to the differences between the sampling time 

the actual time required to complete the test. The sampling time and 

time required to perform the test are different due to down time for 

changes and other process interruptions. 
v 
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8:07 
8:15 
8:30 
8: 

9:46 
10:00 
10:16 

19, 

Ampere-Hour Calculations 

1992 

7 
15 

29 

3 
5 

15 

9 
15 

1 
l4 
15 

6 

120 

Test Run No. 
Tank No. 

min 

Outlet 

5 
15 

2 
6 
9 

13 

14 
16 

120 

8 
4 

Current, 
amperes 

4,600 
4 850 

5,000 
5,000 
5,000 

5,100 
5,150 
5,150 

0 

5,400 
5,400 
4,900 
5 100 

Inlet Outlet 

537 613 

1,213 1,213 

250 
417 

1,250 

170 
515 

773 773 

1 

2 061 2 574 

90 
1,260 1,260 

1,225 1,307 

(ampere-hours) is calculated by: (ll multiplying the current 

by the actual time of testing (hours) at that particular current 

(2) totaling the ampere-hour values for each time interval of the entire 

run. The total ampere-hours calculated will not equal the ampere-hours 

the ampere-hour meter due to the differences between the sampling time 

the actual time required to complete the test. The sampling time and 

time required to perform the test are different due to down time for 

changes and other process interruptions. 

-:. 
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/709517 
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11:27 
11:30 
11:45 
11 7 

Ampere-Hour Calculations 
Test Run No_ 5 

Tank No. B 

19 1992 

Time interval min 

Inlet Outlet 

20 
10 

30 

2 
3 3 

15 15 
10 12 

1 
15 

14 

1 
15 15 
15 15 
15 

0 

Current, 
amperes 

5,250 
5 100 

5,100 
5,100 
5,100 
5 100 

5,100 
5,100 

Inlet 

1,750 
850 

2 

170 
255 

1,275 
850 

1 

-hours9 

OUtlet 

1,750 
850 

2 600 

255 
1,275 
1 020 

550 

as 
1,275 

1,250 
1,250 

current (ampere-hours) is calculated by: (1) multiplying the current 

~>el,el!) by the actual time of testing (hours) at that particular current 

(2) totaling the ampere-hour values for each time interval of the entire 

run. The total ampere-hours calculated will not equal the ampere-hours 

the ampere-hour meter due to the differences between the sampling time 

the actual time required to complete the test. The sampling time and ,. 

time required to perform the test are different due to down time for 

changes and other process interruptions. 

:...: ~.- .. 
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15:29 
15:45 
15:59 

19 

Ampere-Hour Calculations 

1992 

6 
15 

24 

19 

3 
16 
15 

7 

120 

Test Run No. 6 
Tank No. B 

incerval min 

Outlet 
Current, 
amperes 

4,900 
4,800 

5,100 
8 5,100 

15 5,300 
7 

4 5, 300 

15 4. 900 

30 

16 
14 

5,000 
5,000 
5 100 

Inlet Outlet 

990 
1,300 

590 
1,325 

353 
653 1,225 

1 570 2 495 

250 
1,333 1,333 

1,275 1,190 

2 523 

current (ampere-hours) is calculated by: (1) multiplying the current 

~oe%:es) by the actual time of testing (hours) at that particular current 

(2) totaling the ampere-hour values for each time interval of the entire 

run. The total ampere-hours calculated will not equal the ampere-hours 

the ampere-hour meter due to the differences between the sampling time 

the actual time required to complete the test. The sampling time and ··· 

time required to perform the test are different due to down time for 

changes and other process interruptions. 

- E -. 8 
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SOURCE SAMPLING DATA SHEET 

ELECTRONIC CHROME AND GRINDING COMPANY 

SANTA FE SPRINGS CALIFORNIA 

Date: 2118/92 
Page I orl 

Operating Operating 

current, voltage, 
volts 

E - 9 

at 9:0S 

Composite sample taken 

9:45 

Composite sample taken 

at 10:4S 

testing at ll :ll 

Composite sample talcon 

JI:IS 

.. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



• 

SOURCE SAMPLING DATA SHEET 

.. ELECTRONIC CHROME AND GRINDING COMPANY 

SANTA FE SPRINGS, CALIFORNIA 

Operating Operating 

Tank current, voltage, 

No. amperes volts 

8 4,800 6.2 

5.300 

···--·--

E - 10 

Operating 
'F Ah 

138 310,397 

Page I of I 

testing at 12:22 

sample taken 

Composite sample taken 

!3:20 

I 

I 

,, 
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Tank 
No. 

8 

': ~F:""' 

SOURCE SAMPLING DATA SHEET 

ELECTRONIC CHROME AND GRINDING COMPANY 

SANTA FE SPRINGS, CALIFORNIA 

•r-:t-: ' J;.;;:· • 

Operating 
current, 

5,000 6.0 

E- 11 

Ah 

138 326,296 

Page I of I 

testing at IS:l6 

Composite sample taken 

at 16: IS 

Composite s11111ple taken 

at 17:30 

at 17:23 

.. 

• 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



No. 

8 

SOURCE SAMPLING DATA SHEET 

ELECTRONIC CHROME AND GRINDING COMPANY 

SANTA FE SPRINGS, CALIFORNIA 

Date: 
Page I of I 

Operating Operating 

current, voltage, 

volts 

4,600 s.s 132 

E - 12 

Ah Notes 

340,509 

351,130 

3S2,SS9 

Started testing at 8:07 

Initial foam blanket 

addition was made at 

and consisted of 

l.S gallons of 

lfulraettol!Ol. 

sample taken 

sample taken 

testing at 10:16 

,. 

' 
. ' 

' 

' ., 



No. 

8 

SOURCE SAMPLING DATA SHEET 

ELECTRONIC CHROME AND GRINDING COMPANY 

SANTA FE SPRINGS CALIFORNIA 

2/19192 
Page I of 1 

Operating 
CUrTtDl, 

5,250 

Operating 
voltage, Operating 

volts temp., "F 

5.4 145 

5.4 

S.4 

"E- 13 

..;..·: ~: .. 
·~:: 

Ab 

356,082 

Notes 

Started testing at I 0:55 

Composite sample talcen 

10:55 

Composite sample IAicen 

12:00 

Composite sample talcen 

13:00 

... 

. I 
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SOURCE SAMPLING DATA SHEET 

.• ELECTRONIC CHROME AND GRINDING COMPANY 

8 

8 

SANTA FE SPRINGS CALIFORNIA 

Operating Operating 

current, voltage, Operating 

volts 
•p Ab Notes 

4,900 5.4 

5.4 

., .·. E - 14 
,. . 

.. :~ 

140 372,213 Started testing at 13:48 

' 

Makeup addition: 

Ill gallon of 

Fumetrol 101 added at 

13:50 

sample taken 

15:00 

1 Rectifi;er tripped off from 

15:00 to 15:05 

sample taken 

16:00 

testing at 16:07 

.. I 

I 
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~-'-#hnical 
formation 

101 
And Spray 

Suppressantt 
Fumetrol 101 Fume and Spray Suppressant has been developed primarily to fill the needs or the 

industrial chromium (hard chrome) industry. It eliminates fumes from plating without affect.ng the 

catalyst ratios or causing pining. It is a unique product which can be used w1th confidence under 

all conditions of chromium plating. 

Advantages 

Fast Acting 

Fumes disappear immediately after add1ng Fumetrol 101 to chromium bath. 

Completely Inert 

It has no effect on the b!llance and/or control of the plating bath It IS compatible w1th all SRHS" 

. and ordinary (sulfate) chromium plating soluttons. It does not cause ptUing. and does not lower 

surface tension. 

Savings 

When Fumetrol lOt is used. chromic acid fumes are essentially eliminated. This results in a cost 

saving as very lilte. if any. goes up the exhaust duct. It is also poss1ble to reduce the volume and 

velocity of air in the ventilation system if this does not v>olate local laws and regulat>ons. Fumetrol 

101 also reduces heat loss from the surface which towers healtng costs. although under severe 

working loads it may be necessary to cool the solution. Its use also reduces health hazards. and 

the whole work area is cleaner-bus bar. exhaust ducts. and super-structure are free lrom 

chromic acid accumulations. 

Cleaner 

The exhaust from draft boxes is cleaner when Fumetrol 101 is used. even without fume scrubbers 

Less chrome is sucked into the air with a reduction in damage to the surroundings. •· 

Important Notice Regarding This Information 

.The statements. technical information and recommendations contained in this document are based 

on tests that are believed to be reliable. However. this document is not contractual. and NOTHING IN 

IT CONSTITUTES A WARRANTY THAT THE GOODS DESCRIBED ARE FIT FOR A PARTICULAR 

PURPOSE OF CUSTOMER or that their us'e does not conflict with any existing patent rights. The 

exclusive source ol any warranty and of any other customer rights whatsoever is the written 

acknowledgment of a customer's order. 

"Trademark of M& T Cl'temscals tnc 

tPatenl aooift'd tor 

E - 15 
I 
I 
! 
I 

I 

I 

I 

I 



• 

101 Fume And Spray ::.uppre~""'" 

Maintenance 

::~";~~~~~~~ · 
is packaged conven1enlly 1n one gallon plastiC bo!lles packed four to a case It must 

thoroughly before use. II 1t IS added to soluuons conta1mng surlactants. 11 w1ll be 

····.·•~nm•oieltelv inellective. 

amount of Fumetrol 101 to use 1s a lunct•on of the surface area of the plating bath Normally. 

gallon ·is used for each 20 square feet of surface (2 hters per square meter) Usually th1s 

amount will be effective for 24 hours. Replenoshment IS based on visual observation and w1ll vary 

from one plant to another. In general. when fumes or spray are evu:tenl. sufficient Fumetrol 101 

should be added to elimonate them. A suggestea addiuon would be a quarter charge. 

soo mt.sq. meter (1 qt./20 sq. ft.). 

When air-agitation is used. it is recommended that it be designed to minimize solut1on movement 

between the anode and cathode. Th1~ will allow the Fumetro/ to lunct1on more efficiently. 

For reasons of economy a good amount of freeboard should be used. This w1ll minomize loss of 

chromic acid and Fumetrol 101 through the fume hoods. 

Safety And Industrial Hygiene 

Fumetrol 101 may be irritating upon exposure to the eyes and skin. II is advisable to avoid contact 

with the eyes and prolonged or repeated contact with skin and clothing. Chemical safety goggles 

and rubber gloves are recommended when handling th1s product. 

Suggested First Aid 

In the. event of eye contact. immediately flush eyes thoroughly with water lor 15 minutes and 

consult a physiCian. For skin contact. remove conlam•nated clothing and flush skin thoroughly 

with soap and water. Launder contaminated clothing before re-use. 

NOTE: "Material Safety Data Sheet" on this product is available on request from the Safety and 

Environmental Affairs Department of M& T Chemicals Inc .. Rahway. N.J. 07065. · 

More Technical Information Available 

Ask your M& T representative or distributor for helpful information about complete M& T processes. 

chemicals. and anodes for plating. cleaning. or conversoon coating of metallic or plastic substrates 

Copper: M& T offers processes and supplies lor decor alive acid copper. acid copper lor printed 

circuit boards. pyrophosphate copper. and cyanide copper plating. 

Nickel: The M& T line includes high performance nickel: specification quatily plating brighl. 

semi-bright. and zinc tolerant nickels: sulfamate and fluoborate nickels. 

Nickel-Iron: Available from M& T are bright plating processes with a range of alloy composit•ons 

lor rack or barrel plating. 

Chromium: Specialized M& T processes available for rack or barrel plating. decorative or hard 

deposits. Wide choice of features such as high speed: sell-regulation; high throw: microcracked. 

macrocracked. or crack-free: and automatic fume control. 

Zinc: M& T developments include cyanide (low. medium or high) zinc systems: alkaline 

noncyanide zinc. and pyrophosphate zinc. Also chromate conversion coatmgs. 

Tin: Processes include acid tins for rack and barrel plating: sodium stannate and high speed 

potassium stannate processes: alkaline «n sol: stamate preplate processes for aluminum. ·•• 

Other Metals: Bronze. cadmium. or cobalt processes. chemicals. anodes. 

Cleaners: Anodic and cathodic electrocleaners. soak cleaners. acid salts. cleaner supplements 

Chromate Treating: Dip compounds for conversion coating of z;inc. cadmium or copper. Produce 

clear. blue. silvery. iridescent yellow. or black fimshes. 

Sales Offices: 

7343 Paramount Blvd .. Pica Rivera. CA 90660 (213) 723·0991 

706 Thomas Drive. Bensenville. IL 60106 (312) 860·2260 

2t056 Bridge Sl.. Southfield. Ml 48034 (313) 353-2820 

63t Chestnut St.. S.W. Grand Rapids. Ml 49502 (6t6) 459-8191 

1000 Execullve Parkway Dr .. Suite 231. St. Louos. MO 63141 (314) 878-0856 

Woodbridge Rd .. Rahway. NJ 07.065 (201) 499·0200 

4301 Simonton Rd .• Dallas. TX 75240 (214) 233· 7795 

M&T Chemicals Ltd .. 670 Strathearne Ave. N .. Hamilton. Ontario L8H 7N7 (4t6) 547-1471 

- '7":._ .. 

1\118([ 
CHEMICALS INC. 

E - 16 

GENERAL OFFICES. RAHWAY NEW JERSEY 07065 
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APPENDIX "F" 

SAMPLE CALCULATIONS 

: ·.\l 

• 

F -1 



• 

Gas Volume at STP {Y., } 
C"'l 

p (AH) 
,_ 13.6 

V = 17.64 VmY 
• 111(101) T,. 

Y "'C"'l = fr:l corrected for standard temperature and pressure; 

Y., = ft' as measured by the gas meter - not corrected for standard temperature 

y 

p 
bar 

AH 

T., 

and pressure; 

= dry gas meter calibration factor {deminsionless) 

= inches of Hg 

= inches of H20 

= 0 R (°F + 460) 

F -2 

. I 
lj ;<. 

I•'• 



' :oncettlralion a.~ &rains/dscf 
•• 

= 

, 
mg ( 1.5'13 X I o· ) 

I' 
lrlcorol) . 

v.,I"J) = re correeled for standard temperature and pressure 

= mg; 111& X 1.5~3 X I 0'1 gr:lins/mt: = grains 

I 
3 0.035314(118) 

III!J Ill = 
v '"I"JI 

V = fl' corrcclcd for standard temperature and pressure 
"'I<Wl 

Molecular Wcighl of Stack Gas, Dry Basis (M,,) 

M~ = 0.4110 (%C02) + 0.320 (% 0 1) + 0.28 (% N2 + %CO) 

%N2 = 100- %C02 - % Oz 

Where 
•• 

r. coz = o.1 
% 0 2 = 21 

r. co = 0 

r -3 



'.V<JlunleofWater Vapor (V,.~ 

• 

V,. = 0.04107ft3/ml(V,) 
(Ill) 

Y = ft 3 corrected for standard temp and pressure; 
W(OIIj 

V lc = ml of liquid collected in impingers and silica gel 

Moisture Content as a Percent (B...} 

Where 

B.,. = percent, 

y = ft3. 
W(OIIj ' 

y =ft3 
'"(,lid) 

F-4 



[olec:ular Weight of Stack Gas, Wet Basis (M.) 

M, = M
4 

(1-B,.) + 18.0 (B.,.) 

• 

M, = lb/lb-mole; 

M
4 

= lb/lb-mole; 

B,, = dimensionless 

Mole Fraction of Dry Gas (MJ 

M
4 
= 100 -B.,,/100 

Average Stack Gas Velocity 0/.) 

Where 

K = 
85

_
49 

ftfsec \_(lb/lb-mole)(in. Hg)11/l 
' l (" R)(in.H,P) j 

V, = ft/sec; 

CP = dimensionless; 

Ap = inches of H20; 

T, = •R (•F + 460); 

P, =inches ofHg; 

M, = lb/lb-mole 

F -5 



Cubic Feet Per Minute (ACFM) 

== V 
1 

(60 sec/min) (A) 

- ft}sec· I- I 

== ftl 

A'~eral~e Stack Gas Dry Volumetric FloW Rate (Q ..J .. 

Where 

B,.. = dimensionless; 

V, = ft[sec; 

r- = ·Rt"F-+- 460); 

T = "R("F + 460)" ,(in'~) ' 

P, = inches of Hg; 

P .sr4 = inches of Hg 

F -6 

• 

I 



Rate in pounds Per Hour (lbs/br) 

misl;ion Rate in Kilograms per hour (Kg/br) 

kgfhr ::::: (dscfm)s-rACKc.)(L699x10_, 

• 

F-7 



tsoldnetic variation (% 1) 

1 = 0.09450 T, V ,.,)P, V, A,. 6 (1-B,.,) 

"' Percent of isolcinetic sampling; 

V = ft' corrected for standard temperature and pressure; 

."'~oM~ 

P, "' inches of Hg; 

v, ... ft/sec; 

A.. ... ftl; 
6 "'minute; 

B.,, "' dimensionless 

Concentration as lbs/dscf 

-· lbs(dscf = mg(2.2 x 10 ) 
v .. ~,o~~~ 

Where 
V lllf,oj) = ft

3 
corrected for ,stant:Iard temperature and pressure 

Conversion: mg(2.2x10-'Ibs(mg) "' lbs 

F -8 
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APPENDIX "G" 

DRAFT METHOD - DETERMINATION OF 

HEXAVALENT CHROMIUM EMISSIONS FROM 

DECORATIVE AND HARD CHROME 

ELECTROPLATING 

G -1 



DRAFT - 12/90 

Method __ -Determination of Hexavalent Chromium 

Emissions from Decorative and Hard Chrome Electroplating 

Applicability. This method applies to the determination of 

chromium (Cr4
) in emissions from decorative and hard chrome 

lating operations. 

···. ;2 Principle. Emissions are collected from the source by use of 

5 (Appendix A, 40 CFR Part 60), with the filter omitted. The first and 

impingers are charged with O.lN sodium hydroxide. The collected 

remain in an alkaline solution until analysis, and are analyzed for 

the diphenylcarbazide colorimetric method. 

2.1 Range. A straight line response curve can be obtained in the range 

• Cr .. /100 ml to 100 }lg Cr .. /100 ml. For a minimum aria lyt ica 1 accuracy of 

n.,.,.,.,,nt, the lower 1 imit of the range is 10 Jl9/l00 ml. The upper limit 

be extended by appropriate dilution. 

2.2 Sensitivity. A minimum detection limit of 1 Jl9 Cr~/100 ml has been 

2.3 Precision. To be determined. 

2.4 Interference. Molybdenum, mercury and vanadium react with 

"c'I<·'.U1tlhl!!Jwlcarbaz ide to form a co lor; however, approximately 20 mg of these 

can be present in a sample without creating a problem. Iron produces 

· ·~yellow color, but this effect is not measured photometrically at 540 nm. 

I ' 
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ling Train. Same as'Method 5, Section 2.1, but omit filter, 

probe tip in place of stainless steel. 

Same as Method 5, Section 2.2, but use O.IN NaOH 

The following equipment is needed. 

Beakers. Borosilicate, 250-ml, with watchglass covers. 

Volumetric Flasks. 100-ml and other appropriate volumes. 

Pipettes. Assorted sizes, as needed. 

Spectrophotometer. To measure absorbance at 540 nm. 

s otherwise indicated, all reagents shall conform to the · 

ions established by the Committee on Analytical Reagents of the 

Chemical Society. Where such specifications are not available, use 

available grade. 

Sampling. 

1.1 O.lN NaOH. 

2 ~ample Recovery. 

4.2.2 O.lN NaOH. 

4.3 Analysis. The following reagents are required. . 

4.3.1 Water. Deionized distilled, meeting American Society for Testing 

:~,''""·~t:ria ls (ASTK) specifications for type Z reagent - ASTM Test 

0 1193-77 (incorporated by reference- see§ 6l.lB). 

4.3.2 Potassium Dichromate Stock Solution. Dissolve 141.4 mg of 

ical reagent grade K,Cr,o, in water, and dilute to 1 liter 

(l ml • so p.g Cr .. ) • 

•• - ~- ------
G - 3 
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./ P~tassium Dichromate Standard Solution. Di1ute 10.00 ml K,Cr,O, 

lution to 100 ml (1 ml = 5 pg Cr~) with water. 

·• ... 3.4 Sulfuric Acid, 10 Percent (v/v). Dilute 10 ml H,SO, to 100 ml in 

. 3.5 Diphenylcarbazide Solution. ·Dissolve 250 mg of 1, 

lcarbizide in 50 ml acetone. Store in a brown bottle. Discard when 

lution becomes discolored. 

5.1 Sampling. Same as Method 5, Section 4.1, except omit the filter 

lter holder, and place 100 ml of O.lN NaOH in each of the first two 

5.2 Sample Recovery. Measure the volume and place all liquid in the 

, second, and third impingers in a labelled sample container (Container 

1). Use 200 ml of 0.1N NaOH to rinse the probe, three impingers, and 

'""''~~ing glassware. Place this wash in the same container. Place the 

ica gel from the fourth impinger in Container Number 3. 

5.3 Preservation. Analyze all samples within of collection. 

5.4 Reagent Blank Preparation. Place 400 ml of O.lN NaOH in a labelled 

... •••mul e container (Container Humber 2). 

5.5 Silica Gel Weighing. Weigh the spent silica gel (Container 

Number 3) or silica gel plus impinger to the nearest 0.5 g using a balance. 

step may be conducted in the field. 

5.6 Analysis. 

5.6.1 Calor Development and Measurement. After stirring the sample in 

Container Number 1, transfer a 50-ml or smaller measured aliquot to a 100 ml 

volumetric flask and add sufficient water to bring the volume to approximately 

' . 
·- ----c-

G - 4 
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I ' 
'1\U.J'·~·, t the pH to 2 ± 0.5 with 10 percent H,SO., add 2.0 ml of 

ide solution, and dilute to volume with water. Allow the 

stand about 10 minutes for color development. For each set of 

an identical aliquot of reagent blank solution from 

Number 2 in the same way. Transfer a portion of the sample to a 

sorption cell, and measure the absorbance at the optimum wavelength 

6.2.1). Measure and subtract the reagent blank absorbance reading, 

to obtain a net reading. If the absorbance of the sample exceeds the 

of the 100 pg cr·' standard as determined in Sect ion 6. 2. 2, dilute 

and the reagent blank with equal volumes of water. 

·'•'• 5.6.2 Check for Matrix Effects on the Cr .. Results. Since the analysis 

by colorimetry is sensitive to the chemical composition of the sample 

• ix effects}, the analyst shall check at least one sample from each source 

the method of additions as follows: 

Obtain two equal volume aliquots of the same sample solution. The 

should each contain between 30 and 50 pg of Cr... Now treat both the 

and unspiked sample aliquots as described in Section 5.6.1. 

Next, calculate the Cr .. mass C,, in pg in the aliquot of the unspiked 

le solution by using the following equation: 

A, 

c,- c.---
A, - A, 

C, • Cr .. in the standard solution, pg. 

A, • Absorbance of the unspiked sample solution. 

A, • Absorbance of the spiked sample solution. 

Eq. -1 

Volume corrections will not be required since the solutions as analyzed 

have been made to the same final volume. If the results of the method of 

.-
G - 5 



·· ..• 3.3 Potassium Dichromate Standard Solution. Oi lUte •u . ...., .... .. , ..• . 

lution to 100 ml (1 ml • 5 pg Cr~) with water. 

If ' 
c 

· .3.4 ·Sulfuric Acid, 10 Percent (vjv). Dilute 10 ml H,SO, to 100 ml in 

.3.5 Diphenylcarbazide Solution. Dissolve 250 mg of 1, 

carbizide in 50 ml acetone. Store in a brown bottle. Discard when 

ution becomes discolored. 

5.1 Sampling. Same as Method 5, Section 4.1, except omit the filter 

lter holder, and place 100 ml of O.lN NaOH in each of the first two 

Sample Recovery. Measurethe volume and place all liquid in the 

second, and third impingers in a labelled sample container {Container 

1). Use.200 ml of O.lN NaOH to rinse the probe, three impingers, and 

ing glassware. Place this wash in the same container. Place the 

gel from the fourth impinger in Container Number 3. 

5.3 Preservation. Analyze all samples within---- of collection. 

5.4 Reagent Blank Preparation. Place 400 ml of O.lN HaOH in a labelled 

le container (Container Number Z). 

5.5 Silica Gel Weighing. Weigh the spent silica gel {Container 

3} or silica gel plus impinger to the nearest 0.5 g using a balance. 

step may be conducted In the field. 

5.6 Analysis. 

5.6.1 Color Development and Measurement. After stirring the sample in 

/ ii~OI~tainer Number 1, transfer a 50-ml or smaller measured a liquet to a 100 ml 

Volumetric flask and add.sufficien~ w:ater to bring the volume to approximately 

, . G - 6 
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t . 
p~ocedure used on the single source sample do not agree to within 10 

. of the value obtained by the routine spectrophotometric analysis, then 

all samples from the source using this method of additions 

Sampling Train. Perform all of the calibrations described in 

Section 5. 

6.2 Spectrophotometer Calibration. 

6.2.1 Op~imum Wavelength Determination. Calibrate the wavelength scale 

spectrophotometer every 6 months. The calibration may be accomplished 

ing an energy source with an intense line emission such as a mercury 

or by using a series of glass filters spanning the measuring range of 

spectrophotometer. Calibration materials are available commercially and 

the National Bureau.of Standards. Specific details on the use of such 

als are normally supplied by the vendor; general information about 

ion techniques can be obtained from general reference books on 

lytical chemistry. The wavelength scale of the spectrophotometer shall 

correctly with ±5 nm at all .calibration points; otherwise, repair and 

librate the spectrophotometer. Once the wavelength scale of the 

'H?§Ipec:trl~p~totomE!ter
 is in proper calibration, use 540 nm as the optimum 

:::~\~!\'1 W'a.velength for the measurement of the absorbance of the standards and samples. 

Alternatively, a scanning procedure may be employed to determine the 

'proper measuring wavelength. If the instrument is a double-beam 

spectrophotometer, scan the spectrum between 530 and 550 nm using the 50 pg 

Cr~ standard solution {Section 4.3.4} in the sample cell and a blank solution 

in the reference cell. If a peak does not occur, the spectrophotometer is 

•• 
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• • 

. ng.' When a peak is obtained within the 530 to 550 nm range, 

use the wavelength at which this peak occurs as the optimum 

for the measurement of absorbance of both the standards and the 

For single-beam spectrophotometer, follow the scanning procedure 

above, except scan the blank and standard solutions separately. For 

;ct,•uml!nt, the optimum wavelength is the wavelength at which the maximum 

in absorbance between the standard and the blank occurs. 

2.2 Spectrophotometer Calibration. Alternative calibration 

are allowed, provided acceptable accuracy and precision can be 

• Add 0.0 ml,. 1 ml, 2 ml, 5 ml, 10 ml, 15 ml, and 20 ml of the 

standard solution (1 ml • 5 pg Cr~) to a series of seven 100-ml 

c flasks. Dilute each to mark with water. Analyze these calibration 

in Section 5.6.1. Repeat this calibration procedure on each day 

are analyzed. Calculate the spectrophotometer calibration factor 

follows: 

AI + ZA, + SAl + lOA, + lSA, + 20A. 

K, • 5 ---------------

A' +A'+A'+A'+ a'+A' 
I l S &"S I 

K, • Ca 1 ibration factor. 

A1 • Absorbance of the 5 pg Cr~/100 ml standard. 

A, • Absorbance of the 10 pg Cr~/100 ml standard. 

A1 • Absorbance of the 25 pg Cr~/100 ml standard. 

A, • Absorbance of the 50 pg Cr~/100 ml standard. 

A, • Absorbance of the 75 pg Cr~/100 ml standard. 

A. • Absorbance of the 100 pg Cr~/100 ml standard • 

G - 8 
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' Spectrophotometer Calibrati~n Quality Control. Multiply the 

value obtained for each standard by the K, factor (least squares 

determine the distance each calibration point lies from the 

1 calibration line. These calculated concentration values shall not 

the actual concentrations {i.e., 5, 10, 25, SO, 75, and 100 pg 

by more than __ percent for five of the six standards. 

out the calculations, retaining at least one extra decimal figure 

that of the acquired data. Round off figures after final calculations. 

Cr~ in Sample. Calculate m, the total pg Cr~ in each sample, 

V,, K, AF 

m • ----v, 

v., • Volume in ml of total sample. 

A • Absorbance of sample. 

Eq. -3 

F • Dilution factor (required only if sample dilution was needed to 

to reduce the absorbance into the range of calibration). 

V, • Volume in ml of a 1 iquot analyzed. 

7.2 Average Dry Gas Meter Temperature and Average Orifice Pressure 

Same as Method 5, Section 6.2. 

7.3 Dry Gas Volume, Volume of Water Vapor, Moisture Content. Same as 

Method 5, Sections 6.3, 6.4, and 6.5, respectively . 

. ~ . 

,• 
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Emission Concentration. Calculate c, (g/dscm), the Cr~ 

in the stack gas, dry basis, corrected to standard conditions, 

c, • ( 1o·• g/pg)[m/V.,, .. ,J 
Eq. -4 

Isokinetic Variation, Acceptable Results. Same as Method 5, 

.11 and 6.12, respectively. 

Test Methods for Evaluating Solid Waste. U.S. Environmental 

Agency .. SW-846, 2nd Edition. July 1982. 

Cox, X.B., R.W. Linton, and F.E. Butler. Determination of Chromium 

in Environmental Particles -A Multitechnique Study of Ferrochrome 

Accepted for publication in Environmental Science and 

Same as in Bibliography of Method 5, Citations 2 to 5 and 7. 
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APPENDIX "H" 

TERMINATION OF TOTAL CHROMIUM AND 
VALENT CHROMIUM EMISSIONS FROM 

STATIONARY SOURCES (CARB 425) 
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METIIOD 4Z5 

DETERHIHATIOII OF TOTAL CHROMIUM AJIO IIEXAVALENT CIIROMIUM 

EMISSIONS FROM STATIONARY SOURCES 

, PRINCIPLE, AND FIGURES 

APPLICAlliLITY 

This method applies to the determination of hexavalent chromium 

(Cr(VI}} and total chromium emissions from stationary sources. 

Applicability has been demonstrated for the metal finishing and 

glass industrir:s. Its applicability has not been demonstrated 

for sources with high particulate mass emission rates. 

Z· PRINCIPLE 

I 

Particulate emissions are collected from the source in an 

alkaline medium by use of CARB Method 5, wfth modifications noted 

fn this method. The components of the collected sample are each 

divided fnto two equal portions wfth one portion of each 

component used for total chromium analysis and the other portion 

used for hexavalent chromium analysis. 

z. 1 lfexavalent Chromium Analysis 

For the hexavalent chromium analysis the collected sample 

component portions are extracted in an alkaline solution.and 

analyzed by the diphenylcarbazide colorimetric meth9d. 

. z. Z Total Chromium Analysis 

For the total chromium analysis the collected samples must be 

prepared in order to convert organic forms of chromium to 

inorganic forms, to minimize organic interferences, and to 

convert the ta=p!e to a suitable solution for analysis. 

Samples are then subjected to an acid digestion procedure. 

Following the appropriat~ dissolution and dilution of the 

sample, a representative aliquot Is placed manually or by 

means of an automatic sampler into a graphite tube furnace. 

The sample aliquot is then slowly evaporated to dryness, 

charred (ashed). and atomized. The absorption of hollow 

cathode radiation during atomization will be proportional to 

the chromium concentration. 

• 

1. 3 FIGURES 

The following figures surrinarize features of this method. 

• 
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1 Figur..e 1. 

le Collection and Recovery for llexavalent and Total Chromium 

NoOH rinse at lob See Section 6.2 

' 
. ~ IOOmL 

0. t N NoOH impingers 

extract filler fn 0.1 N 

NoOH impinger solution 

filter 

The fftter should be 

combined on si le 

if a clenn room 

is available. 

split The volumes or contofners 

M 
I:.:.:.J 

1 ond 2 and each of the spIlls 

must be measured and recorded. 

probe impinger/ 

filter 

probe impinger/ 
filler 

t t 
Hexavalent Chromium 

Analysis 

t t 
Chromium 

Analysis 

ly, the protocol may call for 

ion of the filter in only one or See Figures 2 & 3 

nger liquids, which will creole 

sample recoveries ror analysis. 
• 
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Figure Z. 

Hexavalent Chromium Analysis 

optionally, the protocol may coli for 

extraction of the filler in only one of 

the impinger liquids, which will creole 

three sample recoveries for analysis 

gure t --!>­

Ions 

typically: 
two separate analyses 

6.5 D ·o·· .. . . 

transfer - 35 mL 
to o 1 OOml beaker 

odjusllhe pH to 1±0.2 with 6N sulfuric acid ond 

odd 1.0 ml of diphenylcarbazfde solution 

{ bring to volume in a 50 mL volumetric nasi< 

dilute to volume with water 

-let color develop to minutes 

filler to remove suspended solids after 

pre-wetting medium retention filler paper with 

a few mL each of first reagent blanl< tmd then sample 

measure absorbance of o somple portion 

and reagent blank at 540 nm 

if reading exceeds calibrolion, ' 
dilute with reagent blank or 

remeosure using less of remaining sample 

--- . 

H - 6 



• 

3 Figure 3. 

Total Chromium Analysis 

optionally, the protocol may cell for 

extraction of the filter in only one of 

the impinger liQuids, which will creole 

three sample recoveries for analysis 

Figure 1 --11o"" 

Sections 

typically: 

two separate analyses 

r.:-'1 . f0l 
and 6.5 h::..l t:.:J 

( 

( 

odd 1 0 mL HN03 ) o( reflux to near dryness) 

t 
add 5 mL HN03 ) D ( reflux to near dryness) 

. 

t 
transfer to o volumetric flask and 

adjust to a predetermined volume 

1 
inject a measured aliquot 

in uL omounts into a rumoce type 

otomic obsorptton spectrophotometer 

measure obsorba'nce of a sample portion 

and reagent blonk at 357.9 nm 

~. ---
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!RAIIGE, SEIISITIVITY, I'RECISIOII, IIIlO IIITERFERENCES 

1· RANGE 

llexavalent Chromium 

A straight line response curve was obtained in the range 0.5 

ug Cr(VI)/50 ml to 3.0 ug Cr(VI)/60 ml. For a minimum 

analytical accuracy of 100 z 10 percent, the lower limit of 

the range is 2 ug/lOOml. The upper limit can be extended by 

appropriate dilution or by using a smaller cell path length 

after recalibration for the smaller celt. (Reference 8.3) 

Z SEIISITIYITY 

, 

The minimum sampling volume should be calculated for each test 

and should be based upon [1] the targeted minimum detectable l 

concentration at the source, [2] the expected minimum detection 

"limit achievable at the laboratory, and (3] the sampling time 

limitations at the source. · · 

2. 1 llexavalent Chromium 

A minimum detection limit, of O.Z ug Cr(YI)/SOml using a 5 em 

cell, has been observed. (Reference 8.3) 

3 PRECISION FOR IIEXAVALEIIT CIIROIUUU 

The overall precision for sample collection and analysis for 

Cr(VI) will be determined after . .-data are collected from a test 

protocol which Includes multiple simultaneous sampling 

techniques. 

4 INTERFERE!ICES 

1 Interferences of Hexavalent Chron1it1111 

Molybdenum, mercury and van~dlum react wftb dtpbenylcarbazlde 

to form a color; however, approximately ZO mg of elements can 

be present 1n a sample without creating a problem. Iron 

produces a yellow color, but this effect Is not measured 

photometrically at 540 nm. 

Z. 4. Z Interferences for Total Chromium 

z. 4. z. 1 

• 

The long residence time and high concentrations of the 

atomized sample in the optical path of the graphite furnace 

can result In severe physical and chemical interferences. ~ 

Furnace parameters must be optimized to minimize these 

effects. If the analyte is not completely votatflfzed and 

removed from the furnace during atomization. memory effects 

will occur. If this situation Is detected, the tube should 

be cleaned by operating the furnace at higher atomization 

temperatures. 
· 



• 

· 4• z. z 'Nitrogen should not be used as the purge gas because of a 

!\. z. 3 

possible CN band interference. 

Low concentrations of calcium may cause Interferences; at 

concentrations above ZOO mg/L calcium's effect is constant. 

Calcium nitrate is therefore added to ensure a known 

constant effect. This step may be omitted If the sample Is 

known to be free of calcium or no analytical interferences 

are expected. 

AlTERIIATIVE METHODS 

Direct Measurement of Gas Volumes through Pipes and Small 

Ducts 

• 

Air Resources Board Method ZA may be used, where applicable, 

as an alternative to pitot tube methods specified In Method 5, ~ 

as referenced herein. 

!lenyalent Chromjum Determination by Ion Cbrom11tography 

For hexavalent chromium concentrations which are wjtbjn the 

detection r11nge of jon chromatography, this analytical method 

may be used jnstccd of the colorimetry method soecifjed jn 

these pages. Thjs optjon appljes only to the analysis of 

hexavalent chrornjym, The remainder of the test method shall 

be oerformed as soeclfjed, 

Total Chromium Determination by Flame AtDI!Iic 

Absorption Spectroscopy ." 

For high total chromium concentrations which are within the 

detection range of flame atomic absorption spectroscopy, this· 

analytical method may be used instead of the furnace type 

method specified In these pages. This option applies poly to 

the analysts of total chrpmfym, The remainder of the test 

method shall be ocrfprrncd as snecjfjed, 
:: 

Other Methods 

The Executive Officer or authorized representative may approve 

an alternative test method (Including other techniques or 

conditions) for the determination of hexavalent and/or total 

chromium emissions fro~ stationary sources. To approve an 

alternative method, the Executive Officer or authorized 

representative may require the submission of test data 

demonstrating that the alternative method Is equivalent to 

Method 4Z5 • 
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11 surfaces which may come in contact with sample must be glass, 

Jon, or other similarly non-metallic (stainless steel may be a 

< ource of chromium contamination) inert material. See Section S.Z. 

other sampling apparatus which, after review by the Executive 

cer, 1s deemed equivalent for the purposes of this test method, 

be used. 

SAMPLING TRAIN 

, 

Except where otherwise noted in this method, same as CARB Method 

6, Section 2.1. Exceptions Include a glass nozzle, a glass lined 

stainless steel probe, 0.1 N NaOII in the first two lmpingers, a 

Teflon-coated glass fiber filter, and a silica gel moisture trap 

after the filter. As shown In Figure 1, sample now should be ~ 

.through the probe first, then the impfngers, and then the filter. 

Z SAMPLE RECOVERY 

Except where otherwise noted in this method, same as CARB Method 

5, Section z.z. Also, see Section 6. Z of this method. 

3 AHALYSIS 

The following apparatus and materials are needed: 

3. 1 Analysis of llexavalent Chr0111ium 

3. 1. 1 100 ml beakers 

3. 1. Z Filtration Apparatus 

Vacuum unit constructed of glass, to accommodate sintered 

glass funnels. Medium porosity filter paper is optional. 

Wherever filtering Is specified, centrifuging may also be 

performed at the analystts option. 

3. 3. 1. 3 Volumetric Flasks 

100-ml and other appropriate volumes. 

3. 3. 1. 4 Hot Plate 

3. 3. 1. 5 ·Pipettes 

Assorted sizes, as needed. 

3. 3. 1. 6 Spectrophotometer 

• To measure absorbance at 540nm. 

3. 3. Z Analysis of Total Chr0111ium 

H - 10 
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z.· 1' Phi Hps Beakers 

Borosilicate, lZSmL, with digestion covers. 

z. 2 Chromium Hollow Cathode Lamp or Electrodeless Discharge 

lamp. 

3. z. 3 Graphite Furnace 

REAGEIITS 

Any graphite furnace device with the appropriate 

temperature and timing controls. 

Strip Chart Recorder 

A recorder is recommended for furnace work so that there 

will be a permanent record and so that any problems with 

the analysis such as drift, incomplete atomization, losses 

during charring, changes In sensitivity, etc., can easily 

be recognized. 

Unless otherwise indicated, all reagents must conform to the 

specifications established by the Committee on Analytical Reagents 

of the American Chemical Society. Where such specifications are not 

available, use the· best available grade. 

1 SAMPLING 

Except where otherwise noted in.'this method, same as CARB method 

6, Section 3.1, except Teflon-coated glass fiber filters are .. 

used, and 0.1 H HaOII Is used In the first two impingers. See 

section 4.J.Z below. 

4. Z SAMPLE RECOVERY 

Except where otherwise noted in this method, same as CARB Method 

5, Section 3.2. ~ 

4. 3 REAGENTS FOR I!EXAVALE!IT CllROJUUM 

4. 3. 1 Type II Water 

Type II water ts deionized and distilled, meeting American 

Society for Testing and Materials (ASTM) specification for 

type reagent - ASTM Test Method 0 1193-77. The water should be 

monitored for Impurities. 

4. 3. Z Batch of 0.1:1: HaOII Solution, Analytical Reagent Grade 

The same batch of O.lN NaOJI solution should be used for 

• impinger sampling, sample recovery, preparation, extraction, 

and analysis. Therefore, sampling and analytical personnel 

should coordinate their plans so that all steps in sampling 



I 

~nd analysis use the same batch of solution which will be 

prepared fresh for each source test. Typically, dissolve 4.0 

g HaOII in water in a 1 1 iter volumetric flaslc and dilute to 

the mark. Repeat, as necessary, so that a single batch of 

sufficient volume is prepared to serve all of the needs of 

sampling and analysis. Store the solution in a tightly capped 

polyethylene bottle. 

Potassium Dichromate Stock Solution 

Dissolve Z.BZ9 g of analytical reagent grade potassium 

dichromate (K2cr2o7} in water, and dilute to 1 liter (1 ml • 

1000 ug Cr(VlJ). 

Potassium Dichromate Standard Solution 

Dilute 10.00 ml potassium dichromate stock solution to 100 ml ~ 

(1 ml = 100 ug Cr(Vl) with water. 

Sulfuric Acid, 611, Analytical Reagent Grade 

Dilute 166 ml sulfuric acid to 1000 ml in water. 

Diphenylcarbazide Solution, Analytical Reagent Grade 

Dissolve 0.5 g of 1,5-diphenylcarbazide tn 

Store in a brown bottle. Discard when the 

discolored. 

100 ml acetone. 
solution becomes 

4. 3. 7 0.11: Potassium Pennanganate s·olution 

Analytical Reagent Grade 

4. 3. 8 0.01t Potassium Pennanganate Solution 

Analytical Reagent Grade 

4. 3. 9 Remov~l of Reducing Agents !n the Reagents 

: -:.1" ••• 

The 0.1 H NaOll extraction solution (4.3.Z) and the GN sulfuric 

.acid solution (4.3.5) may contain small amounts of reducing 

agents that can react vith the hexavalent chromium. Potassium 

permanganate is added to these reagents in order to neutralize 

these reducing agents. Pipette 3 ml or the extraction 

solution into cuvettes A and B. Use cuvette A as a sample 

cell and cuvette B as a reference cell. Zero the Instrument 

at 6Z8 nm with both cuvettes. Watt 10 minutes. Add an 

adequate amount (ul) of O.Olt·potassium permanganate solution· 

(4.3.8) to cuvette A. Enough should be added so that after 10 

minutes a slight change in absorbance is observed. This step 

may have to be repeated a number of times in order to 

• determine the required amount of potassium permangante that is 

required. From the change in absorbance, calculate the amount 

of potassium permanganate that is needed to nuetralize the 
v 

. •. 
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reducing agents found in the reagents. Then pipette the 

·proper volume of higher concentration 0.1~ potassium 

permanganate solution (4.3.7) into the reagents. This is done 

by assuming that the number of mi 11 iequiva lents of reducing 

agents in the reagents are equal to the number of 

milliequivalents of O.lt potassium permanganate pipetted. 

This procedure Is repeated with the 6N sulfuric acid solution. 

REAGEUTS FOR TOTAL CIIROI.UUH 

ASTK Type II Water (ASTH 01193) 

Refer to section 4.3.1. 

Concentrated IUtric Acid 

Reagent preparation should use Ultrex or equivalent grade 

111103. 

4. 2. 2 Glassware cleaning should use ACS reagent grade IIN03• 

4. 3 Hydrogen Peroxide (JOX) (Optional), Analytical Reagent Grade 

4. 4 Katrix Modifier 

Follow manufacturer's recommendations. when interferences are 

suspected. 

4. 5 Total Chromium Standard Stoc~·-~?~ution {lOOOmg/L) 

Either procure a certified aquc.ous standard from a s~ppl.ier. 

{Spex Industries. Alpha Products, or Ffsher Scientific) and 

verify by comparison with a second standard, or dissolve Z.SZ9 

g of Potassium Dichromate (K,cr,o7 , analytical reagent grade} 

in Type II water and dilute to I liter. 

Total Chromium Worting Stan~rds 

All total chromium preparations injected for analysis shall be 

prepared to contain l.OX (v/v) IIN03• The zero standard shall 

be 1~0 ~ (v/v) 111103• 

• 

5 SAMPLE COLLECTION. PRESERVATION, AHD IWlOLIHG 

S. 1 SAMPLE COLLECTIOII 

• 

Except where otherwise indicated in this method, all samples arc • 

collected from the source by use of CARD Method &. Exceptions 

fnclude a glass nozzle. a glass lined stainless steel probe, 0.1 

II NaOH in the first two impingers. and a Teflon-coated glass 

fiber filter. As shown in Figure 1, sample flow should be 

through the probe first, then the impingers, and then the filter. 

\ • 



SAMPLE' I!AilDLING AND PRESERVATION 

All surfaces which may come in contact with sample must be glass, 

Teflon, or other similarly non-metallic {even stainless steel may 

be a source of chromium contamination) inert material and must be 

prewashed with detergents, soaked in 1:1 11110:1 for several hours, 

rinsed with Type II water. and finally rinsea with 0.1 N NaOII 

batch solution. For awkward objects. such as long glass probes, 

soaking may be replace~ by careful wiping. 

1 Probes are generally the ~st difficult sampling apparatus to 

clean. Therefore. before use in sampling. to ensure that 

sampling equipment Is clean and free of chromium 

cont~lnatfon.
 apparatus ~tch may come in contact with sample 

must be cleaned until' a sample of final rinse for each probe 

has been anaiyzed as below the detectton ltmft for total 

' 

chromium. The procedures of Section G shall .be followed for ~ 

this cont~ination check. 

If the specified glass probes are in short supply. the 

cleaning protocol required above could double the number of 

days necessary to complete a series of tests. Two options 

exist which reduce mid-course delays in a sampling effort: 

Z. 1. 1 Another cleaning procedure may be used if it Is tested and 

documented as achieving the objective of no detectable 

chromium in the last probe cleaning rinse. Testing and 

documentation shall include: a pre-test.vfsit to the 

intended site, collection of samples from an intended test 

point with the highest expected concentration of chromium. 

trials of otlief' creait"fn(ilprocedur.es. and documentation of 

those which pass the analytical tests and are used· instead 

of the cleaning procedures in Section &.Z.l above. 

The ris~ of mid-course cleaning delays may be reduced by 

the use of a sufficient number of probes which have been 

pre-cleaned and contamination checked by the procedures pf 

Sections 6.2.1 or 5.Z.1.1: Extra probes should be included 

to allow for breakage. 

6 PROCEDURES FOR SAMPLE RECOVERY. PREPARATIOU, AHD ANALYSIS 

6. 1 SILICA GEL WEIGHING 

For stack gas motsture determination, weigh the spent silica gel 

or silica gel plus fmpfnger to the nearest 0.5 g using a balance. 

This step may be conducted in the field. 

6. 2 SAMPLE COLLECTION AND RECOVERY 

The sample is collected using probe. impingers, and fflter • 

• 
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z. 1 Prbbe 

The probe is rinsed with 0.1 H llaOII. The total rinse volume 
should exceed 100 ml and be stored in container 1. (Measure 
the volume.) The probe rinse ls transported to a clean room 
or to a site with laboratory conditions where it Is split with 
half saved for hexavalent chromium analysts and half saved for 
total chromium analysts. Each sample split is -6Dml. 
(Measure the volumes.) 

• 2. 2 Impingers and Filter 

The sampling and analytical personnel shall discuss the 
expected sample concentrations and the analytical limits of 
detection for hexavalent and total chromium. The impinger 
catch and filter should be handled one of two ways depending 
on these expectations as directed in Sections 6.2.2.1 and ~ 

6.2.2.2 below. 

z. 2. 1 lligher Concentrations 

If it Is not considered important to minimize the dilution 
of any sample component. then the contents of both 
impingers (-ZOOmL total) shall be combined and stored in 
container z. (Measure the volume.) As soon as possible. 
the filter is transported in a filter container to a site 
with laboratory conditions where it should be extracted ln 
all of the impinger solution from container 2. The 
e11;traction should include.shaking for a minimum of 30 
minutes. The alkaUne impinger mediura .. will.retard .. 

·reduction of.hexavalent chromium.--The-extract solution Is 
split with half saved for hexavalent chromium ana·lysls and 
half saved for total chromium analysts. Each sample split· 
ls -100 ml. (Measure the volumes.) 

6. 2. z. Z Lower Concentrations 

• 

If it l1 considered impar,tant to minimize the dilution 'or 
any sampie component. then the contents of each tmptnger 
(-lOOmL each) may be stored in containers Z and 3. 
(Measure the volumes.) The filter shall be extracted in 
only one of the lmpinger contents, whichever is suspected 
to have the higher concentration. The extraction shall 
include shaking far a minimum of 30 minutes. The contents 
of the first impinger are stared in container Z and those 
of the second impinger In container 3. Whichever tmpinger 
contents are not used for extraction must be handled as a 
third sample recovery requiring separate analyses. Both 
sample recoveries are split as described above. Each 
sample split is -so ml. (Measure the volumes.) 
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3 REAGENT BLAilK PREPARATION 

Hexavalent Chromium Reagent Blank 

For each preparation, transfer 35 ml of solution to a lOOml 

beaker, adjust the pi! to 1.0 ± O.Z with 6N sulfuric acid, add 

1.0 ml of diphenylcarbazlde solution, dilute to volume with 

water in a ·so ml volumetric flask, and let color develop for 

10 minutes. 

Total Chromium Reagent Blank 

For total chromium, the reagent blank is simply 1 ~ HN03• 

4 SAMPLE PREPARATION 

4. 1 llexavalent Chromium Sample Preparation 

For each preparation, transfer 35 ml of solution to a lOOml 

beaker, adjust the pi! to 1.0 ± O.Z with 6H sulfuric acid, add 

1.0 ml of dlphenylcarbazide solution, dilute to volume with 

water in a SO mL volumetric flask, and let color develop for 

10 minutes. (This leaves at least 15 ml of sample split for 

further analyses. The total volume of sample split must be 

known at this point.) 

Total Chromium Sample Preparation 

In a beaker, add lOml of concentrated nitric acid to the 

• 

sample aliquot taken for analysis. Cover the beaker with a 

digestion cover: •.. P.lace. thi!",beaker:iiri" a:hot .plate .and reflux-- ... 

the sample down to near dryness. Add another 6mL nitric acid 

to complete digestion. Reflux the sample volume down to near· 

dryness. 

Wash down the beaker walls and digestion cover with distilled 

water and filter the sample to remove silicates and other 

insoluble material that could clog the nebulizer. Ffltrat"ion 

should be done only ff there Is concern that fnsoluble 

materials may clog the nebulizer. Adjust the volume to 50 ml 

or ·a predetermined value based on the expected metal 

concentrations. The final concentration of HNO~ In the 

solution should be 1 ~ (v/v). The sample is no~ ready for 

analysts. The appltcabtlfty of a sample preparation technique 

must be demonstrated by analyzing spiked samples and/or 

relevant standard reference materials • 

H - 16 
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5 ANALYSIS 

5. 1· Hexavalent Chromium Analysis 

The analyst must filter the preparation for clarity at this 
point. Medium retention filter paper should be used. The 
filter paper shall be pre-wetted wtth a few ml of reagent 
bla~~ and sample preparation. This will prime the filter so 
that it won't absorb color complex. 

Transfer a portion of the filtered preparation into a & em 
absorption cell. 

Measure the absorbance at the optimum wavelength of 640 nm. 

Subtract the sample blar.~ absorbance reading to obtain a net 
reading. 

If the absorbance reading of a sample preparation exceeds the 
calibration range, dilute with reagent blan~ or re-m~asure 
using less of the sample preparation. (There should be about 
15ml remaining at this point. See Sections 6.2.1, 6.Z.Z.l, 
and 6.2.Z.Z.) 

6. 5. z Chec~ for Matrix Effects on the Cr(VI) Results 

• 

As the analysts for Cr{VI) by colorimetry Is sensitive to the 
chemical composition of the sample (matrix effects), the 
analyst shall chec~ at least ~ne sample from each source using 
the following method: Obtain two equal volume allquots of the 
same sample so·lution;· ·The altquots-should-each .contain.-· ---· 
between 6 and 10 ug of Cr(VI) (less if not possible). Spike 
one of the altquots with an aliquot of standard solution that· 
contains between 6 and 10 ug of Cr(VI). Now treat both the 
spi~ed and unspiked sample aliquots as described in Section 
6.4.1 above. Next, calculate the Cr(VI) mass Cs, In ug In the 
aliquot of the unspiked sample solution by using the following 
equation: 

Cs .. Ca As Eq. 1 
At-As 

where: 

Ca • Cr(VI) In the standard solution, ug. 

As • Absorbance of the unspiked sample solution. 

At • Absorbance of the spiked sample solution. 

Volume corrections will not be required since the solutions as 
analyzed have been made to the same final volume. If the 
results of this method used on the single source sample do not 
agree to within 10 percent of the value obtained by the 
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routine spectrophotometric analysis, then reanalyze all 

samples from the source using the method of standard additions 

procedure. 

5. 3 Total Chromium Analysis 

The 357.9-nm wavelength line shall be used. 

Follow the manufacturer's operating Instructions for all other 

spectrophotometer parameters. · 

Furnace parameters suggested by the manufacturer should be 

employed as guidelines. Since temperature-sensing mechanisms 

and temperature controllers can vary between Instruments or 

with time. the validity of the furnace parameters must be 

periodically conffrm~d by systematically altering the furnace 

parameters while analyzing a standard. In thfs manner, losses 

of analyte due to higher than necessary temperature settings 

or losses In sensitivity due to less than optimum settings can 

. be minimized. Similar verification of furnace par~eters may 

be required for complex sample matrices. 

Inject a measured uL aliquot of preparation into the furnace 

and-atomize. If the concentration found exceeds the 

calibration range, the sample should be diluted in the same 

acid matrix and reanalyzed. The use of multiple injections 

can improve accuracy and help detect furnace pipetting errors. 

Su!Jtract a sample blanK reading from a sample reading to 

obtain a net reading. .· · .. 

CALIBRATION. QUALITY CONTROL. AND DATA REPORTING 

7. 1 GENERAl 

Perform all of the calibrations described In CARB Method s. 

Section 5. with any modifications appropriate for this method. 

7. 2 CALIBRATION AND QUALITY CONTROl FOR HEXAVALENT CHROMIUM 

7. 2. 1 Calibrate the wavelength scale of the spectrophotometer every 

6 months. The calibration may be accomplished by using an 

energy source with an Intense line emission such as a mercury 

lamp. or by using a series of glass filters spanning the 

measuring range of the spectrophotometer. Calibration 

materials are available commercially and from the National 

Institute of Standards and Technology. Specific details on 

the use of such materials should be supplied by the vendor; 

general Information about calibration techniques can be 

obtained from general reference books on analytical chemistry. 

The wavelength scale of the spectrophotometer must read 

correctly within =5 nm at all calibration points; otherwise, 

, , the spectrophotometer shall be repaired and recattbrated. 

Once the wavelength scale of the spectrophotometer fs In 

. ·---- .. 
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prop~r calibration, use 540 nm as the optimum wavelength for 

the measurement of the absorbance of the standards and 

samples. 

z Alternatively, a scanning procedure may be employed to 

determine the proper measuring wavelength. If the instrument 

is a double-beam spectrophotometer, scan the spectrum between 

530 and 550 nm using a 50 ug Cr(VI) standard solution tn the 

sample cell and a reagent blank solution in the reference 

cell. If a peak does not occur, the spectrophotometer is 

malfunctioning and should be repaired. When a peak is 

obtained within the 530 to 550 nm range. the wavelength at 

which this peak occurs shall be the optimum wavelength for the 

measurement of absorbance of both the standards and the 

samples. For a single-beam spectrophotometer. follow the 

scanning procedure described above, except that the reagent 

blank and standard solutions shall be scanned separately. The 

optimum wavelength shall be the wavelength at which the 

maximum differences in absorbance between the standard and the 

reagent blank occurs. 

Either (1) run a series of chromium standards and construct a 

calibration curve by plotting the concentrations of the 

standards against the absorbances or (2) if necessary, for the 

method of standard additions, plot added concentration versus 

absorbance. 

Each standard for hexavalent chromium is made up fresh In a 

separate 5DmL volumetric flask starting with 35 mL of the same 

batch of NaOII solution reserved for tts sample set. Then an .. ~ 

appropriate amount of hexavalent. chromium-ts. added to each-----· 

calibration standard, starting wtth none for the zero 

standard. Then 6N sulfuric acid and dlphenylcarbazide 

solution are added in the same·manner as in sample 

preparation. 

CALIBRATION AND QUALITY CONTROL FOR TOTAL CIIROMIUM 

Either (1) run a series of chromium standards and reagent 

blanks and construct a calibration curve by plotting the 

concentrations of the standards against the absorbances or (2) 

for the method of standard additions, plot added concentration 

versus absorbance. For instruments that read directly in 

concentration, set the curve corrector to read out the proper 

concentration. 

Calibration standards for total chromium should start with lt 

v/v liND with no chromium for the zero standard with 

appropr~ate Increases in total chromium concentration in the 

other calibration standards. The calibration standards should 

be prepared following the steps outlined in sample 

preparation • 

H - 19 
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2 Run a check standard after. approximately every 10 sample 

inJections. Standards are run· in part to monitor the life and 

performance of the graphite tube. Lack of reproducibility or 

a significant change in the signal for the standards indicates 

that the tube should be replaced. 

Duplicates, ·spiked samples, and check standards should be 

routinely analyzed. 

Calculate metal concentrations (1) by the method of standard 

additions, or (2) from a calibration curve, or (3) directly 

from the instrument's concentration readout. All dilution or 

concentration factors must be taken into account. 

Concentrations reported for multiphased or wet samples must be 

appropriately qualified (e.g., 5 ug/g dry weight). 

· 3. 5 Calibration curves must be composed of a minimum of a reagent ' 

blank and three total chromium standards. A calibration curve 

should be made for every batch of samples, unless check 

standards remain within 10~ of the last calibration ~urve • 

• 3. & Dilute samples with reagent blank solution If they are more 

concentrated than the highest standard or If they fall on the 

plateau of a calibration curve. 

. 3. 7 Employ a minimum of one matrix-matched sample blank per sample 

batch to determine if contamination or any memory effects are 

occurring. · 

8 Test the system wtth check standards after approximately everY. ... 

16 samples. 
. ..... ·-·. ··- ·-- .. . · · ... ··-·-·-. 

Run one duplicate sample for every 10 samples. providing there 

is enough sample for duplicate analysis. A duplicate sample 

ts a sample brought through the whole sample preparation. 

Spiked samples or standard reference materials shall be used 

daily to ensure that correct procedures are being followed and 

that all equipment is operating properly. This wilt serve as 

a check on calibration standards, too. 

7. 3.11 Whenever sample matrix problems are suspected, the method of 

standard additions shall be used for the analysis of all 

extracts, or whenever a new sample matrix is being analyzed. 

7. 3.1Z The concentration of all calibration standards should be 

verified against a quality control checl: sample obtained from 

an outside source. 

7. 3.13 All quality control data should be maintained and available 

for easy reference or inspection • 

• H - 20 
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4 DATAftEPORTIHG 

Carry out the calculations, retaining at least one extra decimal 

figure beyond that of the acquired data. Round off figures after 

final calculations. 

4. 1 Total Cr(VI) in Sample 

Calculate and report mh, .the total ug Cr(VI) fn the sample. 

This can be obtained from the calibration curve or from the 

method of standard additions. Note that mh fs the sum of the· 

masses of hexavalent chromium analyses performed on all sample 

splits. Also take in account the dilutions when calculating 

mh. 

Report these calculations based on net readings, but report 

all sample blank data, too. 
~ 

Total Chromium in the Sample 

Ca l'culate and report 114, the tota 1 UQ of chromium In the 

sample. This can be o~tained from the calibration curve or 

from the method of standard additions. Note that mt Is the 

sum·of the masses of total chromium analyses performed on all 

sample splits. Also take into account the necessary dilutions 

when calculating out mt. 

Report these· calculations based on net readings, but report 

all sample blank data, too. 

7. 4. 3 Average Dry Gas. Meter Temperature and Average Orifice Pressure 

Drop · ·· ·-- - .. -- · · · . 
Except where otherwise noted in this method, same as Method 5, 

Section 6.2. 

7. 4. 4 Dry Gas Volume, Volume of Water Vapor, Moisture Content 

Except where otherwise noted In this method, SAme as Method 5, 

Sections 6.3, 6.4, and 6.5, respectively. 

7. 4. 5 Cr(VI) Emission Concentration 

Calculate and report [h]~ (g/dscm), the Cr(VI) concentration 

in the stack gas, dry basis, corrected to standard conditions, 

as follows: 

[hls ~ (1D-6g/ug)(mb/Vm(std)) 

H ,... 21 
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4. 6 T~tal Chromium Emission Concentration 

-Calculate and report [tls (g/dscm), the total chromium 

concentration In the stack gas, dry basis, corrected to 

standard conditions as follows: 

[tls • (10-6g/ug)(mt/Vm(std)) 

• 4. 7 Isokinetic Variation, Acceptable Results 

• 

Except where otherwise noted in this method, same as Method 5, 

Sections 6.11 and 6.1Z, respectively. 

REFERENCES 

1 US. Environmental Protection Agency/Office of Solid Waste, 

Washington, D.C., •rest Methods for Evaluating Solid Waste, 

Phystcal/Chemical Methods, "SW-846 {1986), Third Edition. 

Same as in Bibliography of Method 5, Citations Z to 6 and 7. 

8. 3 California Air Resources Board, Inorganic Analysis Section. 

(1988) 
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APPENDIX "I" 

L>ru:»VX'.l"\TORY ANALYSIS PROCEDURE METHOD OF 

DETERMJNATION OF CrVI IN AIJ<ALINE 
SOLUTION 

• 
1 - 1 



u~«avv. for Dctcrml11nUon of CrVl In /\Jitnllnc ~on•uv··~ 

di.:r hJiy r ollowlnu smnplc roc: r.:lp I, sornples Oil) r•::lfrlgnro led unlil 

sc1mple volumi?S c:uc unl:n(>wn. voh;rncs cuo mo:::o~lH!lcf gff•~J. !he lc)n 

or;hk:; del.;;:rrnlrwllor.. Olhnrwls!~ s<.1rnpi~J
S (HI) rcody for diH1cf 

lonex fvlodr.~l ltl oquippt:!d willl on lonl'oc. /\S7 t::IJit.unn, a Dionax 

. ec lropllolorne I lie d c I CG lor nno:l 0:1 Sl1irn(ICIJ.U C · R5(J Chronwlt;>p(le 

r r;rc~ 11r.~HJ I<.) d•~lorn"'irHl Ill•;! Cr(VI). ll~:"lXOV\,It:nl <;hromhml Is 

pl1ecl os <:livr.•lc::nl C:rOrb onion 011 the column. Arl~r 5enmcrllon. lho 

.Is wlltl I he c;olor reO(J'~nl, cllpht~nylc
.orl)ohydrozld~l (DPC) cmcl lhc 

clelecled by vi!;iblt~ spr::r.::ramnlry •:Jf S20 nm. The ~~~u~ml is •:J rni~f•;re t>l 

sulpho I o Ctnd 100 rnl.l ornmonh.rm hyc.h •1xid•ll. Tho:'! 131uenl 

i .5 mlfn·,ir,, ll,c po:;J c·~·l•.rrnn c,,·~Jor rt::agr;Hll Is o mixture ol?. rnM 

"'~'"uohyrJrl)lidr::. 
10% rn<•·ll•<:ll)<)l nnd I M sulfur!!; rJd(f. Th•:: flow i5 0.5 

mo cornblnerJ flow ro lr:: is 2.0 rn{Jrnin. 

P.Orollon or EltJenl -· Dls5o:•l·f~~ :3.1.0 ~J r_,l •.1rnrn(•niurn 5•.rlfole In oboul SOD 

or clelonlwd wr:1lr::r. A(.lcJ 6.[, mi. <.:~f •:rrnrnoniurn hydroxide. Mix well cmd 

c lo one liler In fJ voiUIT!•Jiric fl•:•s~. Trt:m~.lr::r Ill(! solulion IO !1-,,~ CIIJCnl 

I flo. 

· 
1 e p a 1 a I kill o I P •"> r. I C o I u n) n r1 c <:1 g e n I - . D Iss 1) I v o 0 . 5 g o 1 1 . 5 

rbohydro:nlo:.l~! In 100 rnl. or HPLC gr<Jde mcll·Kmol. Ao."Jd lo obout 

rnL or woler r::onloining 2/J rnl. nr 90% suiiiJric ocld. DlhJie wllh stirring lo 

e Iller In a vol•Jrnol ric llosl:. Trc:msrcr lho;: r.olulfon lr;:o Jhc prc5surir.cd 

conlr;inrsr. Tile soluii(JII i:; :.lobi•!. for sevr;:ol dnys t)lll should only 

prepared as Ills used. 

w:eo•mo lion ol Cr(VI) Slc;mdord ·- Cr(VI) slonrt-.:srds ranglnrJ lrorn 5 pr)b lo 5 

pm ore prap_or~d trorn ll)e sloo::k. I 000 pprn Cr(VI) (l=ish~Hj. The 

nc~nlrollons of !he :;lonc:lolcls r>ropmucl oJ~p~nd on lhe concenlmllon 

!he exfracled samples. 

lolllhc NG l onrJ /\G 7 colvmn.t fhc NG I gtJwd i:; ploced be tore I he A57 

porolm cmrj Is lhe rnosl opnroprlol·~ Qlrorcl column lor lropptng organic 

Presenl in lliC r::nvlronmenlf.J! samples. 

' . 
• 
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o 50 t'l. smnpl•.;: loop rm the lnjer;llc:•n V(Jlvt111 exlrr:r•:::ls CrJnlr.1ln high 

of Cr(VI). ' 

F~lucnl flow lo 1.5 r nlir nln r;ll•;l !11t~ po~l c.olumn ro::crgenl flow rol~ lo 

/min. 1110 cornbinr~r;l flow role 01.11 ot lhr:: clclnc.lor wmlr~ I~ ?..0 

nin. /\tier IIV:l flow rol•::s •:HrJ ocljur.l~~d. CJII.)w 1110 syr.lcrn lo nqullil.lrole 

· boiJI30 rninute~. 

ollctlsl 1 rnl. or r.ornplrO! 11-.r(>I.IQh lhc sr.1mplc pt)rlu;in~r c;n opprnpriol!~ 

non. lnjecl lhe s•.1rnpi'~ lnl•.l lhe chJ•.'.)nl sltr~·:nn oru.lre<:ord lhr~ 

· ~ togrorn. The scrmplcJ pr:mk sllould dutc ol oboul 3 rninules. 

11 (JnY pi~r::ipilnk: In lh·~ s•:amplc~ Is C>bs,~rvc<:l, on 1\crcd!sG praflllm 

oti•."J<:h~':l t.') lim syrit1(J0 must tw us•~d. 

conc;rantrolion or ll1t;: •.1nknown lr. c;olt:•.llo:atcd by ,-;r;mporison <JIIhe 

cJa~~)S lor th0 slcm-:J<:ards ontl lh0 unknt)Wn. 

A c:ollbro lit:•n curve vc.rilic.:r lion ch•:lcl: sr:Jrnplc 1:; nm irnrnodltJlely 

fo;,llowing ltle Ct:IIII;Jrolion. This s•:arnpk~ musl l.ot;! prr.:-pwr::d (rom C1 

r:JiHcrr:::nlrnomriCJclrHCI/$OIJII:G lhcm lhCJl <:ol l11r:~ colibrollon slondmcls. 

'(2) '' rnicl-ror.ge slc:rn•:JoccJ rm.a~l b•:: run no.Je~s l.!.f'~~~!'i .. !."IJ.i.Y. thon every len 

(tO) samples. l11C C:lrltllysi~ or ll1iS sr;rrnplornu:;l be within IO'l~ or tho 

expected vc:JiurJ. 

(3) A sornple moirix r.plr.c rw;slljl~ onoly1.er.llo cn5lllr: lhol lhe s•Jrnplt:! 

rnotrix do.us nc)l suppm:;:;fr:mlu.rncr:: lho Cr('ll) si\JnOI. ller~ovcry rnust 

bo 05"/o • 115':~. 0111erwls.o. llle rmlllmd or skmdcucl CJddillons rnusl ba 

pertormed. 

(II) A c.Juplicole ir1jecllun or I m:, C>l ll1e sompl~1s (minlrriurn l.)flr::! per l)r;lc;h 

ir less thr;n ICJ sompler.) Is aruJiyl.•::r.l. II tho scJmple vr:Jtues we 2·10:.< the 

limil or do inc lion (LOD), I he <ILaplicolc% dHrr~cenr:c Sh01.alr:l be "'30'/n. tr 

1110 vatuert ma >lOX lhe l.OD. 111en% dlllercn•:r~ shc)l;td be "'IS'l~. 

(5) An cmoly~.i:; l:•lonk (lvp·~ !I wc:Jicr) rnur.ll)e runlcnrnr~tlltlldy rollowlng 

ccJiibrolion. This onoly:.l5 will cJ~Jierrninr:: woler pwlly tmd/or polcnliCit 

ror r;arryover during lhr.l anc.Jiysis. 

, 
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ADVANCED SYSTEMS TECHNOLOGY 
Meter Box Calibrations 

· AST #1 Date: March 31, 1992 
Barometric Pressure: 29.80 

Dry Gas Meter 
Total Temp Initial Final 

cubic Feet 

.920 515.945 5.025 8o.o 354.490 359.490 
8o.o 

520.963 5.018 8o.o 359.490 364.490 
8o.o 

525.985 5.022 80.0 364.490 369.490 
80.o 

MCF % DEL It % 

0.9907 i.o 1.954 2.61 
0.9850 0.4 1.895 -o. 4 6 
0.9776 -0.3 2.131 11.94 

o.9B4 1.993 

J - 2 

Total Temp 

4.996 8o.o 79.0 
85.0 81.0 

4.996 84.0 81.0 
90.0 83.0 

4.996 89.0 82.0 
94.0 85.0 



ADVANCED SYSTEMS TECHNOLOGY 
· Meter Box calibrations 

AST #2 
Date: March 31, 1992 

Barometric Pressure: 29.80 

METER 
Dry Gas Meter 
Initial Final 

Final Total Temp 
cubic Feet 

ic Feet 

464.796 6 .• 156 75.0 834.959 840.165 

75.0 

.796 469.725 4.929 75.0 840.165 845.350 

75.0 

475.115 5.390 75.0 845.350 850.350 

75.0 

MCF % DEL H % 

0.8396 -14.1 7. 4 61 291.86 

1.0378 6.1 1.953 2.58 

0.9096 -7.0 1. 981 4.05 

0.929 3.798 

0.978 1.904 
-s.o 99.5 

762-1186 

-· 

J - 3 

Total Temp 

5.202 76.0 77 .o 
80.o 78.0 

5.181 8o.o 79.0 
84.0 79.0 

4.996 83.0 80.o 
86.0 81.0 

-



ADVliNCED 
Meter 

AST 13 

METER 

ial Final 
Feet 

490.444 

495.632 

500.720 

MCF 
0.9781 
0.9486 
0. 9614 

0.963 

0.980 
-J..8 

762-1186 

• 

SYSTEMS TECHNOLOGY 

Box Calibrations 

Date: March 31, 1992 

Barometric Pressure: 29.80 

Dry Gas Meter 

Total Temp Initial Final 
Cubic Feet 

5.059 75.0 533.993 538.993 

75.0 

5.188 75.0 538.993 543.995 

75.0 

5.088 75.0 543.995 548.995 

75.0 

% DEL li % 

-0.2 1.959 2.90 

-3.2 2.110 10.83 

-1.9 1.990 4.53 

2.020 

1.904 
6.1 

. ' . 

J - 4 ' 

Total Temp 

11.996 78.0 
82.0 

4.998 81.0 
86.0 

4.996 84.0 
88.0 

78.0 
8o.o 
80.0 
81.0 
81.0 
82.0 

I 

I 

I 

I 



·rEMI'El'll\'l'URE SENSOR CJ\LIDnll'l'ION 

. 15, 1991 

76 Daro. Presure: J0.01 

Parker neference: llg. in glass 0 - bto c 

ource 
rmocoup ere nee 

(C) (F) (F) 

Ambient o.o 76.0 71\.1 -0.35% 

Cold :0.0 n.o J2 .5 0.10% 

Hot o.o :!50.0 2~J.O 
-0.99% 

J\mbient o.o 76.0 7~.5 -0.213% 

Cold o.o J2 .o )2. J O.OG% 

llot o.o 250.0 2~7.0 
-0.42% 

Ambient o.o 76.0 73.9 -O.J9% 

Cold o.o J2.0 J7.. G 0.17..% 

not 0.0 250.0 2JG.O -1.97% 

Ambient ·o. o 76.0 711.3 -o. nt 

Cold o.o J2. 0 J2. 6 0.12% 

Hot o.o 250.0 235.0 -2 .ll% 

Ambient o.o 76.0 7J.7 -O.IIJ% 

Cold o.o J7.. 0 32.11 o.oo% 

Hot o.o 250.0 2:!J.O -3.00% 

Dox 1\mbient o.o 76.0 n.J -0.69% 

Cold o.o J2 .o J2. 6 0.12% 

l!ot 0~0 250.0 2119.0 -O.H% 

1\ Ambient o.o 76.0 7/I.J -0.32% 

Cold o.o 32.0 3:!. 5 0.10% 

Hot 0.0 250.0 237.0 -1.83\ 

D J\mbient o.o 76.0 76.1 o.ozt: 

Cold o.o n. o J2 .J 0.06% 

llot o.o 250.0 237.0 -l.OJ% 

~ Dox 1\mbient o.o 76.0 711.1 -O.JS% 

.l Cold 0.0 32.0 J2. 5 0.10% 

Hot o.o 250.0 2~7. 0 -0.1\2% 

lt Dox J\mbient· o.o 76.0 75.1 -0.17% 

l Cold o.o J2.0 J2. 6 0.12% 

Hot o.o 250.0 246.0 -0.56% 

• 
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··'""' 'it TEMPERl\"l'UnJ:; SEN50R Cl\LIDIUI'l'ION 

~~t· 
.:Nov. 15, 1991 !:'robe Calibrations 

_<'o· 

[it 1l.'emperature: 76 Daro. l:'resure: JO.O' 

;.I'' 
T. Yaroch Reference: llg. in glass 0 - 110 c 

Source Ueference 'J.'hermocouple Dlfference 

o" ,,;;., 

(C) (F) (F) 

It Gas 1\mbient o.o 76.0 16.6 -O.GJlt 

.,, Cold o.o J2. 0 Jl. 9 -o.on 

:.;··'II 
}>'' not o.o 250.0 21\9.0 -0.14\ 

.. 
k Gas l\mbient o.o 76.0 71\.5 -o. zn 

. "· Cold o.o J2. 0 J1.6 · -o.on 

::~.· Hot o.o 250.0 252.0 0.28% 

'k Gas 1\rnbient o.o 76.0 72.0 -0.60% 

~t. Cold o.o JZ.O 31.5 -0.10% 

f llot o.o 250.0 229.0 -2.96% 

~k Gas Ambient o.o 76.0 7:'.. 9 -0.511% 

,Ft. Cold o.o J2 .o Jl.5 -0.10% 

~~ !lot o.o 250.0 61\9.0 -0.1'1% 

;;: 

.ck Gas l\mbient o.o 76.0 72.0 -0.75% 

:;1-'t. Cold o.o J:!. 0 37..1 0. Oz!l; 

;:r llot o.o 250.0 636.0 -1.97% 

"ck Gas Ambient o.o 76.0 72.0 -0.75% 

!Ft. Cold o.o 32.0 J1.7 -0.06% 

H llot o.o 250.0 2J4.0 -2.25% 

ac k Gas Ambient o.o 76.0 7l. G -0.02% 

.1" t. Cold . 1. 2 32.0 J2. 2 o.o.a 

~fG llot o.o 250.0 267.0 2.39% 

Ambient o.o 76.0 74.2 -O.JH 

Cold o.o J2. 0 J6.4 0.!19% 

llot o.o 250.0 260.0 1.41% 

Ambient o.o J2. 0 n.o O.OO'l; 

Cold o.o 32.0 32.0 O.OO'l; 

llot 0.0 J2.0 J:7.. 0 0.00% 

1\mbient . 0. 0 J2.0 J2. 0 o.oo% 

Cold o.o n.o J2. 0 0.00% 

Hot o.o l2. 0 J2. 0 O.OO'l; 

• J - 6 



ADVANCED SYSTEMS TECHNOLOGY 
Meter Box Calibrations 

Id: AST #l Date: January 21, 1992 
Barometric Pressure: 30.16 

: 

'rEST METER 
Dry Gas Meter 

Initial Final Total Temp Initial Final 

,cubic Feet 
cubic Feet 

; 42l.6JJ 426.610 4.977 ao.o J27.66B 332.669 

ao.o 

426.610 431.670 5.060 ao.o 332.669 337.741 

80.0 

431.670 436.990 5. J.20 ao.o JJ7. 741 342.990 

ao.o 

MCF % DEL H % 

1.0014 2.1 1.926 1.16 

0. 9910 l.l 1. 817 -4.59 

0.9697 -1.2 1.907 o.1B 

erage 0.980 1.803 

rrect o.9B1 1.904 

ror % 0.7 -l.l 

J - 7 

• 

'total Temp 

4.997 80.0 78.0 
85.0 80.0 

5.068 84.0 80.0 
90.0 82.0 

5.245 89.0 82.0 
93.0 Bt\. 0 



• 

ADVANCED SYSTEMS TECHNOLOGY 

Meter Box Calibrations 

AST #2 

METER 
Final 

Feet 

377.100 

382.200 

387.321 

MCF 
0.9889 
1.0045 
0.9523 

0.982 

0.978 
0.4 

oate: January 16, 1992 

Barometric Pressure: 30.27 

Dry Gas Meter 

Total Temp Initial Final 

Cubic Feet 

10.:1,25 75.0 92.255 102.316 

75.0 

5.100 75.0 102.316 107.489 

75.0 
s .121 75.0 107.489 ll2.4J9 

75.0 

% DEL H % 

1.1 1.958 2. 81 

2.7 1.917 0. 71 

-2.6 1.972 3.55 

1.949 

1.904 
2.4 

J - 8 

Total Temp 

10.053 75.0 75.0 
79.0 77.0 

5.169 78.0 77.0 
Sl.O 78.0 

4.946 Bl.O 78.0 
8J.O 78.0 



ADVANCED SYSTEMS TECHNOLOGY 
Meter Box Calibrations 

AST #J 

TEST METER 
Initial Final 

Feet 

392.600 

392.600 397.929 

397.929 403 .109 

MCF 
0.9477 
0.9499 

f' 0.9621 
' 
~reraqe 0.953 

: . 
orrect 0.980 
t"ror % -2.7 

• 

Date: January 16, 1992 
Barometric Pressure: 30.27 

Total Temp 
Dry Gas Meter 
Initial Final 
Cubic Feet 

5.279 75.0 200.167 205.220 
75.0 

5.329 75.0 205.220 210.365 
75.0 

5.180 75.0 210.365 215.468 
75.0 

% DEL. H % 
-3.3 1.887 -o. 90 
-3.1 1.964 3.13 
-1.8 1.888· -0.84 

1.913 

1.904 
0.5 

J - 9 

Total Temp 

5.QII9 78.0 77.0 
83.0 79.0 

5.141 82.0 79.0 
87.0 80.0 

5. 099 87.0 81.0 
89.0 92.0 
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